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But new only in the sense that the fountain 
pen employed materials never before used 
in that particular field! Thus progress is 
made by those who experiment and apply existing 
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limited scope. This laminated synthetic resin- 
bonded material has many valuable physical 
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METALLISED CERAMICS 
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WIDE-RANGE TRANSFORMERS 
TYPES D-106 & D-139 


For Modern Communications Equipment 





FREQUENCY CHARACTERISTICS 
Practically linear from the lower audio frequencies to over 100 kc/s. (See representative curves) 


IMPEDANCE RATIOS: Many impedance ratios are available, from 1 : 1 to 500 : 1. 


power : Types D-139 will handle up to one watt AC power above 40 c/s. Types 
D-106 are designed as input and interstage transformers where the power is negligible. 


SCREENING : Inner case— nickel-iron. Outer case —cast aluminium. 


DIMENSIONS: 23” x 33” x 3” high overall. WEIGHT: 23 lb. 
Full information is given in Bulletin B-538-B which will gladly be sent on request. 
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The Correspondence and College Courses provided 
by E.M.I. Institutes which cover recognised 
diplomas such as the City and Guilds, etc. are 
written and supervised by E.M.I. ® scientists who are 
specialists in Electronic Science. 

Courses are already available in such subjects as 
Basic Radio, Basic Television, etc. and the prospectus 
is being constantly extended. 

With E.M.I. basic training you can eventually become a 
specialist in Television, Radio Communication, Radar, 
Navigational Aids, Audio Frequency, Medical and various 
Electronic applications. 


U7) EME. INSTITUTES LED 


lp Dept. 11, 43, Grove Park Road, Chiswick, London, W. 4 


* The E.M.1. Group includes *‘H.M.V.” Marconiphone and other important electronic interests. 
E.19 


For full details apply to: The 
Principal: Professor H.F.Trewman 
M.A. (Cantab), M.I.E.E., 
M.I.Mech.E., M.Brit.1.R.E, 
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Anew, heavy-duty 30 amp. switch of robust construction suit- 
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SUNVIC adjustable time-delay units consist of a snap- 
action switch and thermally responsive element in a 


neat, bakelite housing. Overall size approximately 
2% in. x 23 in. x 24, in. Time-delay adjustable from 
15 to 90 seconds. Voltage range of the winding 12, 24, 
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100-110, 200-210, 220-230, 240-250. Contact rating 
5 amp. 230 volt. Types—TYD with normally closed 
contacts and TYE with normally open contacts. These 


time-delay switches are widely applied to thermionic 
delay circuits, motor starter alarms and supervisory cir- 
cuits, etc. Please request Technical Publication TD.10/16. 





SUNVIC CONTROLS LTD., 


Stanhope House, 


Kean Street, 


London, W.C.2 








IRON POWDER? 


To improve the pérformance of 
inductances ; to permit a smaller 
coil to be used and thereby to 
decrease manufacturing costs; to 
vary easily the inductance of coils 
by means of movable 
powder-iron cores ; 
to pre-set fixed 
inductances to accu- 
rate limits. 








CARBONYL 
IRON POWDER ? 


Because the carbonyl process pro- 
duces a powder with the appro- 
priate characteristics required by 
core-makers. Because each particle 
is spherical and the powder 
has therefore a high packing 
density, and is easily insu- 
lated. Because no heat treat- 
ment at high temperatures 
after pressing is required. 





TWO GRADES? 


Because two grades cover the 
majority of requirements. 

Grade ME is very fine and hard, 
spherical and remarkably uniform; 
primarily suitable where electro- 
magnetic losses are required to be 
very small, and especially for high- 
frequency applications. 

Grade MC is also fine and spherical 
but is softer and therefore more 
easily compressible. Useful in 
cases where higher permeabilities 
are required. Further information 
freely given on request. 
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Six Poles and Two Wafers 


A valuable switch for simple 
straightforward radio circuits. 


‘ 


A mains “on-off’’ switch is in- 
¥ corporated, plus three waveband 
positions resulting in a_ four- 
position switch, having six 
poles on its two wafers. 
All the switching for set 
operation is brought to 
one control. 

WALTER INSTRUMENTS LIMITED, 


GARTH ROAD, LOWER MORDEN, SURREY. 
TEL.: DERWENT 4421-2-3. 
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THE SWITCH OF OVER 2000 ASSEMBLIES 


C.R.C.24 








x Electronic Engineering December, 1947 





Made in Three 
Principal Materials 


FREQUELEX 
An insulating material of Low Dielectric 


Loss, for Coil Formers, Aerial Insulators, aN 





Valve Holders, etc. 

PERMALEX 

A High Permittivity Material. For the 
construction of Condensers of the small- 
est possible dimensions. 


& 
*. 
re lers 
A Condenser material of medium per- 


mittivity. For the construction of 
Condensers having a constant capacity 


at all temperatures. ( 


BULLERS LOW LOSS CERAMICS 


BULLERS LTD., 6, LAURENCE POUNTNEY HILL, LONDON, €E.C.4 


Telephone: Mansion House 9971 (3 lines) Telegrams: ‘‘Bullers, Cannon, London” B¢ 
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The Drayton “ R.Q.” is a 25-watt motor unit 
geared to a final shaft, to which may be fitte 
eccentrics, arms or cranks, gears, links or pulleys 
for actuating valves or dampers, movements, 
switchgear or other devices. 


Unidirectional or reversing, with or without 
self-switching, for 100/110 or 200/250 volts A.C. 


Both types are fitted with an auxiliary two-way 
switch actuated by movement of the final shaft, for 
operating auxiliary gear such as fan motors, 
pumps, interlocking devices, etc. 

FINAL SHAFT SPEEDS 

Reversing Max 600 R.P.M. 27 min. per rev. 
Unidirectional Max 280 R.P.M. 60 min. per rev. 


TORQUE: Reversing 60 in. Ibs. max. 
Unidirectional 37 in. Ibs. max. 


DRUM-TYPE 


MOVEMENT, 
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CINEMA PROJECTORS, 
ROTATING SCREENS, 
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GENEVA MOVEMENTS FOR 


ROCKING BATHS, WORK 


AND WELDING FIXTURES, 
CONTINUOUS TURNING, 
FEED OF LIGHT STRIP 
UNDER PROCESS. 
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4,120v 8mA. 


in a half-wave circuit 
from a single unit 


Cat. No. 16HT258 

Max. open circuit input volts 3,895. 
Output in half-wave circuit 4,129 volts. 
Max. mean output current 8 mA. 
Condenser 0.20 mFd. 

Length 13,4 ins. Diameter 4% ins. 
Weight 3.8 ozs. 


The range of I6HT rectifiers has been developed for E.H.T. 
supply to television equipment, H.T. supply to small 
electronic devices, cable testing and condenser testing. 
Full details are given in Rectifier Data Sheet No. 42, a 
copy of which may be obtained from Dept. E.E. 


Type 16HT. 





G)([WESTINGHOUSE|® 
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RECTIFIERS 


Westinghouse Brake & Signal Co., Ltd., 
82 York Way, King’s Cross, London, N.|I. 
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SOLDERING 








RQ4) Drayton Regulator & Instrument Co., Ltd., West Drayton, Mdx. 



































Alternative model, type 
281C, available, having 
additional D.C. voltage 
range to 300 volts. 


utzehill 


BOREHAM WOOD, HERT 





DIODE VOLTMETER 


NORMAL MODEL TYPE 281B 


VOLTAGE RANGE—Scale A, 0—1.5 v.; Scale B, 0—5 v.; Scale C, 0O—15, 
0—50 and 0—150 v. 

FREQUENCY RANGE—50 c/sec. to 250 Me/sec. 

ACCURACY—-{ 2 per cent. F.S.D. on all ranges. 

INPUT IMPEDANCE—4 megohms shunted by 14 pF. No D.C. path between 
terminals. Up to 300 volts D.C. may be super-imposed on the A.C. input. 
ZERO SETTING—The zero is set on the 1.5 v. range and thereafter remains 
precisely set on all other ranges. 

STABILITY—Zero and deflection sensitivity unaffected by normal fluctuations 
of mains voltage. 

CALIBRATION—Peak-reading meter operating on negative half-wave of 
input, calibrated in terms of R.M.S. value assuming sinusoidal waveform. 
PROTECTION—Application of over-voltage to the input terminals cannot 
damage the instrument. 

CONSTRUCTION—Grey painted louvred metal case with engraved black 
crystalline finish panel. Lifting bars protect the panel. 


IMMEDIATE DELIVERY 


LABORATORIES 


PRICE £50 


LTD. 


S. TELEPHONE: ELSTREE 1137 
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Sir Edward Appleton, K.C.B., 

F.R.S., is a reminder of the 
fundamental work which he did in 
1924, on which the whole of radar 
technique is based. The existence of 
the Kennelly-Heaviside layer had 
been disputed for many years before 
he thought out a method by which its 
existence could be proved or disproved, 
and with the aid of the Department of 
Scientific and Industrial Research and 
the B.B.C. Bournemouth transmitter, 
measurements were made at Oxford on 
December 11, 1924. 

These proved that there was a 
Heaviside Layer and that its distance 
above the earth was about sixty miles, 
on the medium waveband. 

A second experiment, carried out on 
short waves (10-50 m.), showed that 
there was another layer about twice 
the height of the first, which was 
popularly called the Appleton Layer. 

Appleton himself did not agree with 
this title, and preferred to call the two 
layers ‘“‘E” and ‘F.” In a later 
discussion at the I.E.E., he was asked 
why these particular letters were 
chosen, and replied that they left room 
at both ends of the alphabet for later 
discoveries ! 


T's award of the Nobel Prize to 


Comment 


Apart from the development of 
radar, which was the outcome of the 
pulse technique used in layer experi- 
ments, the direct study of ionospheric 
height has given practical information 
of use to short-wave broadcasting 
stations. With the aid of over forty 
stations scattered over the world, it is 
possible to predict the optimum wave- 
length for short-wave broadcasting on 





The Editor and Staff 
of 
ELECTRONIC 
ENGINEERING 
send cordial greetings 
to all Contributors, 
Advertisers & Readers, 
with Best Wishes for 
1948. 











any particular route, and during the 
war this was a useful, though little- 
known activity of the N.P.L. and other 
laboratories. 


T was a pity that the B.B.C. 
I in their Jubilee celebrations 
(November toth week) could not 
have given a reproduction of old-time 
quality by using a horn speaker and 
1928 vintage receiver in front of the 
microphone. A demonstration of this 
kind would have brought back the 
atmosphere of the early days more 
vividly than any spoken reminiscences. 
How many readers remember the old 
pleated diaphragm loudspeaker which 
could be home-made with a lot of 
patience and a few dozen hacksaw 
blades for formers? It was fitted to 
the H.M.V. gramophones about the 
time of Wembley Exhibition and gave 
a good rendering of violin tone but 
little else. 

When Television celebrates _ its 
Jubilee (which won’t be so long now) 
we can look forward to a real historical 
night with exhibits brought out from 
the museum and made to perform once 
more. Or the scan might be reduced 
to thirty lines for a few minutes, just 
to remind us ! 





A 
British - made 
Wire Recorder 


tT. transportable wire recorder, weigh- 
ing only 57 Ib., operates from A.C. 
250 V. mains, and was developed during 
the war for Government service. 

The recording medium is a stainless steel 
wire .004 in. in diameter of sufficient length 
for an» hour’s recording. No very high 
fidelity is claimed for the model ‘‘A’’, its 
principal features being extreme robustness 
and high functional performance in a small 
compass. It was developed for the record- 
ing of conferences, lectures, and similar 
applications. 

With certain modifications and the 
addition of a high-fidelity speaker, a sur- 
prisingly good result can be obtained, but 
the mechanical limitations are such that 
it is scarcely adequate for music recording. 

The model ‘‘A’’, shown in the illustration, 
has the following features : 

1. Recordings can be made of an hour’s 
duration from a microphone or line 
impedance where the level is 
approximately 0.25 V or less. 


Front and interior views of the recorder with 
spools in place. The centre black knob reverses 
the driving motor for rewinding the spool. 
An automatic timing indicator is fitted, with 
a pre-set knob for limicing the time of the run 
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Quick re-wind facilities are provided. 


Play-back is via a self-contained 3 in. 
speaker, but there is provision for a 
high-impedance speaker. 


Previously recorded matter is nor- 
mally erased by the act of re- 
recording. 


The wire is practically indestructible 
and non-rusting and recordings are 
not affected by shock, vibration, or 
changes of temperature. 


It is particularly interesting to note that 
the spool for an hour’s recording is only 
3} in. overall diameter. The storage space 
for spare spools is therefore reasonably 
small. 

The recorder was developed and manu- 
factured by Messrs. Boosey and Hawkes Ltd., 
under licence from the Armour Research 
Foundation of New York. Future sales are 
being handled by Wirek Electronics Ltd., 
9-10 Dalston Gardens, Stanmore, Middx. 
This is a new company which has been 
formed to take over the recording activities 
of Messrs. Boosey & Hawkes and Associated 
Electronic Engineers Ltd., the Managing 
Director being Mr. H. Westcott and the 
Research Engineer Mr. P. T. Hobson. 
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Developments in Magnetic Recording 


By P. T. HOBSON* 


This article forms the basis of a lecture delivered before The British Sound Recording Association 


nowadays among the many people 

who have written about magnetic 
recording to embark on a history of 
the subject starting with Mr. Poulsen, 
This history, I feel, must by now be 
so familiar that I propose to spare 
you that part of the story, and start 
at the time of the outbreak of the last 
War, when the Marconi-Stille equip- 
ment—which was probably the most 
highly developed commercial mag- 
netic recorder available then — was 
rather falling out of favour because 
of its limited frequency response, low 
signal-to-noise ratio, and high cost 
of tape, and giving place to the direct 
recording disk. 

Later on during the War informa- 
tion began to percolate through con- 
cerning developments in America 
and Germany making use of the 
apparently magical effect of high fre- 
quency, or—more_ correctly—super- 
sonic frequency, bias; and by now the 
Armour speech recorder—the Model 
so—from America, and the German 
Magnetophone are becoming well 
known. 

Very wide claims have been made 
concerning the performance of these 
instruments, as is so often the case, 
unfortunately; and by now many 
people are asking what all the to-do 
is about magnetic recording, and has 
anything really startling taken place 
in the development of the subject? 

I propose in this paper to deal with 
some developments in magnetic re- 
cording on wire that have taken place 
in this country which have made use, 
as a starting point, of the type of 
recording and play-back heads 
employed in the Armour recorder, 
together with this new-fangled super- 
sonic bias; and to discuss some 
points arising therefrom which intro- 
duce new factors in the art of sound 
recording. 

With any form of magnetic record- 
ing it is unfortunately not possible 
to study visually the form of the 
actual recording, as no_ physical 
change observable to the eye, aided 
or unaided, is made to. the carrier 


]«: seems to be the general practice 








* Research Dept., Messrs. Boosey and Hawkes, 
Edgware. 


Cc 


on March 27th, 1947 


employed; it is partly this fact, I 
suggest, that has so far limited the 
development of this type of record- 
ing. To the best of my belief no 
serious attempts have been made to 
assess the effects of the magnetic 
properties of the carrier on the fre- 
quency response, noise level, and dis- 
tortion of the system in order to 


obtain the best possible magnetic 
conditions. 
It was therefore decided to 


attempt such an investigation, with 
the result that it is now recognised 
that these magnetic factors are of 
prime importance and cannot be 
neglected if satisfactory recording is 
to be obtained. 

The type of recording head used 
produces longitudinal magnetisation 
of the wire; that is to say, a recorded 
single frequency can be regarded 
very crudely as a string of little mag- 
nets exhibiting alternate north and 
south free poles along the length of 
the wire, 

Now you will remember that for 
most magnetic measurements it is 
important that the specimen magnet 
considered should be long in relation 
to its cross-section, otherwise it will 
tend to demagnetise itself; and, in 
fact, the shorter and fatter a magnet 
is, the greater will be this effect of 
self-demagnetisation, 

In the case of a recording on wire 
this still applies, except that the 
diameter remains constant, but the 
length becomes shorter and shorter as 
the frequency is increased, provided 
always that the wire speed is not 
changed. 

Any: magnetic recording will, there- 
fore, tend to erase itself to a degree 
depending on the ratio of the wave- 
length to the diameter of the wire; 
and the lower this ratio becomes the 
greater the losses will be, 

This may be expressed in another 
way. Permanent magnet manufac- 
turers are rather prone to advertis- 
ing their products with pictures 
showing the demagnetisation curves 
of their alloys. This curve is actually 
one segment of the well-known 
hysteresis curve of the material and 
usually purports to show the relation 
between the magnetic induction in 


the material B resulting from a vary- 
ing applied field H. 

Unfortunately, the nomenclature 
employed in physical magnetism is 
far from standardised, and this can 
be very misleading. The curves often 
published for permanent magnet 
materials show, not the relation just 
mentioned, but that between the 
applied field H and the intensity of 
magnetisation J multiplied by 47, 
sometimes called the ferric induction 
Br. The section of the curve thus 
illustrated shows the amount of 
applied field necessary to reduce the 
remanent induction to zero, and of 
course the higher this value of the 
coercivity of the material (to give 
it its proper name) the better the 
permanent magnet. But, by the 
definition B = H + 4m7J,_ the 
remanent induction B, is equal to 
47],r, and while the field required to 
reduce the remanent induction to zero 
can never be greater than 47J,, there 
is no limit to the field required to 
reduce the ferric induction to zero. 

It really amounts to the fact that 
the word ‘ coercivity ’’ is too vague. 
We have both the inductive coercivity 
pH. which is the field required to 
reduce the remanent induction to 
zero; and the intensity coercivity 
yH. which is the field required to 
reduce the intensity of magnetisation 
to zero (Fig, 1). This distinction was 
not of so much importance when 
permanent magnet materials rarely 
had coercivities in excess of 100 
oersteds, as, up to that amount, there 
is practically no difference between 
the two varieties of coercivity. But 
the distinction has become more 
and more important with the develop- 
ment of alloys of high coercivity, and 
I want to re-emphasise the fact that 
the inductive coercivity He cannot 
exceed, by definition, the value of the 
remanent induction. 

For it is on the magnetic induction 
in the wire that we depend in order to 
induce a signal voltage in the play- 
back head ; and if the self-demagnetis- 
ing field referred to earlier is such 
that the total induction is reduced to 
zero, then there will be no signal. 
The material is not completely de- 
magnetised at this point, for if the 
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applied field is removed the material 
will still have some value -of J 
remaining which will only be com- 
pletely removed and the material 
thereby completely demagnetised if 
the applied field is increased to a 
value equal to the intensity coercivity 
yHe of the material, 


We can, therefore, illustrate the 
effect of self-demagnetisation of a 
recorded wire by taking the section 
of the BH curve concerned and 
drawing a line from the origin, 
cutting the curve. The value of the 
total induction is then given at the 
vertical axis at the point where this 
line cuts the curve; while the angle 
made between this line and the verti- 
cal axis is a measure of the degree of 
self-demagnetisation. The tangent 
of this angle is usually referred to 
as the self-demagnetising factor D 
and is directly related to the length/ 
diameter ratio of the magnet, or, in 
our case, to the ratio \/wire diameter. 
Put more concisely, the working 
point of the material representing the 
total induction moves down the de- 
magnetising section of the hysteresis 
loop as the self-demagnetisation in- 
creases with increase of frequency; 
and its value, and consequently the 
signal strength, will decrease at a 
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rate dependent on the shape of that 
sector of the hysteresis loop. 

The shapes of these demagnetisa- 
tion curves vary widely with different 
alloys and methods of treatments of a 
given alloy, but Dr. Hoselitz’ has 
shown that two limiting shapes, made 
up of straight lines, can be drawn, 
between which any pradtical curve 
must lie. The minimum one is 
simply the straight line joining B, 
and gHe, which gives a very simple 
right-angled triangle construction 
with the working-point moving down 
the hypotenuse. It is then a straight- 
forward matter to develop a relation 
between the tangent D, the remanence 
B,, and coercivity ,Hé, and the total 
induction which is proportional to the 
play-back signal strength. 

If the signal strength developed 
when no self-demagnetisation is 
present is regarded as unity, we can 
then express wire losses from this 
cause as: 

R 
20 log ——— 


R+D 


where R is the ratio of inductive 
coercivity to remanent induction 
(Fig. 2). 

This applies to a wire of minimum 


Loss in decibels = 


and remanence By; for a demagnetisation curve of 


minimum fullness. 


maximum 
relation of 


for the 
simple 


fullness curve; 

cutve the very 
I 

loss = 





applies until D = R, 
1+D 
after which losses become more rapid. 
This gives us two vitally important 
factors: R, dependent on measurable 
magnetic properties of the wire; and 
D, which is a function of frequency. 
This function will remain constant 
for any given type of magnetic record- 
ing, but will be different if, for 
example, the wire at present under 
consideration is changed to tape. 


In the case of wire the relation 
between D and frequency has been 
very carefully determined by an 
experimental method in which all 
losses other than those due to self- 
demagnetisation were cancelled out, 
and it appears to be a square law. 


It is obviously desirable that the 
wire should be magnetised as fully as 
possible, and for all general purposes 
it is usual to design the recording 
amplifier so that for a constant input 
this is obtained at all frequencies 
within the desired range; and as the 
voltage developed in the play-back 
head is proportional to the rate of 
change of flux developed therein by 
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this constant magnetisation, the signal 
from such a record would ideally rise 
at the rate of 6 db. per octave. 

Now as the ratio gH-/B,, which, as 
the lawyers say, is hereinafter 
referred to as the R value of the wire, 
cannot exceed unity, we can construct 
a frequency response curve which we 
can strive to attain but cannot excel, 
but we must first standardise on a 
wire diameter and wire speed. For 
recording gear designed to cover the 
audio-frequency range this has now 
been stabilised at a Wire diameter of 
0.004 in, and speed of 24 in. (or 
61 cms.) per second; but reduction in 
diameter or increase of speed will 
naturally, all else being equal, result 
in less wire losses for any given 
frequency. 

For the limiting value of R =! 
this ideal play-back curve rises at 
6 db. per octave until about 600 
cycles; continues to rise at a decreas- 
ing rate until about 2,000 cycles, 
dropping from there until it is 6 db. 
down from the 2,000 cycle level at 
10,000 cycles. By way of contrast, a 
wire of R = .o1 has ceased to rise at 
300 cycles and from there drops some 
25 db at 10,000 c/s, 

The wire originally used in the 
Armour Model 50 was a medium 
carbon steel having a remanence of 
6,000/7,000 gauss and coercivity of 
60/90 oersteds, giving an R value of 
the order of .o1. As it was desired 
to use this recorder in the Pacific War 
theatre, a stainless steel wire, having 
approximately similar magnetic pro- 
perties and which was commercially 
available in quantity, was used. As 
the Model 50 runs at approximately 
5 ft./sec. at its fast speed, such a 
wire is obviously unsuitable for high 
fidelity recording at still lower speed ; 
and this is borne out by the calculated 
response figures quoted just now, 


A comprehensive investigation of 
likely ferromagnetic alloys was, 
therefore, started. to see whether 
better ratios could be obtained. Refer- 
ing back to the factor R for the 
moment, and reminding you that this 
tepresents the ratio of coercivity to 
remanence, it is immediately obvious 
that the ratio can be improved by 
increasing the coercivity or decreas- 
ing the remanence, or both, While it 
is possible to obtain values of B, well 
up to 10,000 gauss or so, inductive 
coercivities of 200 or more are com- 
paratively rare in the alloys which 
can be drawn into fine wires, and 
Whereas such alloys do exist with 
coercivities of the order of 3,000/ 
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5,000 oersteds, they mostly contain 
large quantities of silver, platinum 
or gold, so they are impracticable. 
Even supposing coercivities of 300/ 
400 are obtainable, and accepting R 
as low as .2, the remanence then 
becomes limited to some 1,500/2,000 
gauss which is very low for most 
ferromagnetic alloys. 

Examination of the range of 
austenitic stainless steel alloys, how- 
ever, brought to light the rather 
startling fact that although the 
American sample was of this class, 
these alloys are notable for their non- 
magnetic properties, and are used in 
the manufacture of tin hats, and many 
other applications where such an un- 
usual steel is an advantage. 

The answer to this seeming para- 
dox lies in the fact that such steels 
are completely non-magnetic when 
fully annealed, and for most com- 
mercial purposes are used in this 
state. It was known that cold-work- 
ing of these alloys rendered them 
magnetic to some extent, but no 
detailed examination of their mag- 
netic properties had apparently been 
undertaken, 

As a result of this investigation the 
magnetic behaviour of this class of 
alloys under different conditions of 
cold-working and heat-treatment has 
been carefully determined and they 
have been. shown capable of exhibit- 
ing any desired remanence from zero 
up to about 7,000 gauss, with 
coercivities variable at will from 
some 4o to 400 oersteds. Because of 
this ‘‘ magnetic flexibility ’’ alone, 
they are, therefore, extremely useful 
for the present purpose, but they also 
have other advantages to which I 
shall refer’ later. 


Assuming for the moment that R = 
.2 is a minimum acceptable value, we 
must then accept a remanence of not 
more than 2,000 gauss. This at once 
means that the general signal level 
available will be much less than 
might be expected, but it has been 
found in practice that considerably 
lower values than this can be used 
quite satisfactorily, and one type of 
wire I propose to demonstrate later 
on has a remanence of about 600 
gauss with a coercivity of 300 
oersteds, giving R about .5. Taking 
it all round, this is a very convenient 
compromise, 

We are, therefore, faced with the 
peculiar state of affairs that for a 
magnetic recording system we are 
using wires which to all usual intents 
and purposes are non-magnetic; and 
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it is because of this that I have spent 
so much time in dealing with the 
effect of these magnetic values on the 


overall frequency response of the 
system. 
Several articles have been  pub- 


lished, e.g., (2), (3), dealing with the 
mechanism by which the application 
of supersonic bias effectively removes 
the serious bend in the initial mag- 
netisation curve of a ferromagnetic 
material, dealing with the matter 
graphically and tracing the magnetic 
history of a particle of the carrier as 
it passes through the recording field. 
There is, however, a rather more 
fundamental method of approach to 
an explanation of this effect which, 
although I can only deal with it 
rather sketchily now, has also a bear- 
ing on another aspect of magnetic 
recording. 

Under the Weiss domain theory of 
magnetism a ferromagnetic material 
is considered as made up of small 
domains, many of which may exist 
within a single crystal. Each domain 
is spontaneously magnetised in one 
of six possible directions relative to 
the crystal lattice and the only 
difference between them lies in the 
distinction of direction of magnetisa- 
tion. In the aggregate, this spon- 
taneous magnetisation is effectively 
cancelled out as far as any external 
field is concerned, as each domain 
can be considered as ‘‘ pairing off ”’ 
with one whose direction is directly 
opposite. If the material possessed 
no coercivity, all the domains would 
line themselves up and the material 
would be completely magnetised 
spontaneously; equally, an applied 
field, if of sufficient value, will over- 
come the boundary constraints be- 
tween the domains, and as this field 
is gradually increased in value more 
and more domains will be brought 
into line until finally they are all 
lined up and no further increase in 
magnetisation can be obtained. Each 
180° reversal of magnetisation takes 
place as a distinct jump, is_ irre- 
versible unless a sufficient field in the 
opposite direction is applied, and can 
only lie in the crystal direction 
nearest to that of the applied field. 
It is possible, however, to drag the 
direction of magnetisation through 
go° into this crystal direction, and 
then to rotate it into line with the 
applied field, but these processes are 
reversible and the directions of mag- 
netisations of such domains will fall 
back to their preferred directions as 
soon as the applied field is removed, 
giving rise to the well-known drop- 
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back from saturation to remanence. 

This boundary condition, which 
decides the coercivity of the material, 
is not yet fully explained; but it 
seems clear that if the material is sub- 
jected to an alternating field the 
boundaries can be considered as_be- 
coming ‘‘ well oiled,’’ so that further 
application of a steady field or one of 
relatively lower frequency can _pro- 
duce 180° reversals at a much lower 
value than before. It is not essen- 
tial that this bias field should be of 
high frequency. The effect was 
studied many years ago by Ashworth* 
using a frequency of 50 c/s. ; and it is 
only for recording purposes that it is 
necessary to use a frequency suffi- 
ciently high to avoid beats with any 
signal within the required audio 
range. 

As might be expected, there is a 
definite relation between the ampli- 
tude of bias required and_ the 
coercivity of the material, one increas- 
ing with the other, 

Given the presence of a suitable 
bias field the relation between applied 
signal field and remanence can be 
sensibly linear until the approach to 
saturation is reached, provided some 
other details are attended to. 

Richer’ has described a method 
whereby the normal initial magnetisa- 
tion curve of a ferromagnetic material 
may be analysed to obtain an 
approximate estimate of the propor- 
tions of domains present for which 
the direction of the applied field is 
most nearly parallel to the [roo], 
[110] and [111] crystal directions, 
and also to the contribution of each 
group to the total magnetisation. If 
the majority of the domains are in 
the [110] group the injtial magnetisa- 
tion curve will exhibit a long straight 
portion between the two bends; if not, 
the curve will tend to curve upwards 
gradually away to saturation, 

The more this orientation can be 
encouraged, therefore, the straighter 
the recording characteristics will be- 
come; and the bias has removed the 
initial ‘‘ kink ”’? to the curve, Careful 
attention to this point can, therefore, 
result in very low amplitude distor- 
tion and increased dynamic range, 
and it has been found possible to con- 
trol this orientation while treating 
wires to obtain the required remanence 
and coercivity. 

This same method of analysis may 
be employed to assess the factors 
which contribute to background noise. 
Now the total background noise in 
any recording system is, of course, 
due to many factors; the studio, 
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microphone, all the amplifiers, 
extraneous electrical disturbances, 
the recording and reproducing heads, 
and last, but certainly not least, the 
carrier employed. 

In any magnetic recording system 
magnetic inhomogeneities in the 
carrier must give rise to background 
noise, and it is in this limited sense 
that I am using the term now. With 
the type of heads used in this system 
a completely non-magnetic carrier 
will not give rise to any noise what- 
ever—even if an amount of gain is 
used in the play-back amplifier far 
in excess of that required normally. 
Theoretically at least, a completely 
de-magnetised carrier would behave 
similarly, byt this is a state of affairs 
that can only arise if we can assume 
that all the domains are completely 
paired off. In practice there will 
always be some external free field 
which will vary along the length of 
the carrier and give rise to a noise, 
however minute. Passing the wire, 
in this example, through a _ high- 
frequency field will alter this random 
field to an extent depending on the 
amplitude of the field and the domain 
distribution and orientation and if a 
plot is made of applied field against 
noise the curve will be found to rise 
to a maximum and then decrease to 
a low value which tends to remain 
constant thereafter. Very generally, 
the maximum noise tends to occur 
with fields of the same order as are 
required for a recording bias, and the 
subsequent minimum at _ values 
usually required to erase a previous 
recording. If the wire is passed 
through a steady field and a similar 
plot made, the resulting noise curve 
is found to be very similar to that 
of the initial magnetisation curve of 
the material and reaches a maximum 
as the material is completely 
saturated by the applied field. We 
must therefore make a distinction be- 
tween various types of noise which 
together go to make up the overall 
background noise. 

First, there is that noise due to a 
wire fresh from the drawbench and 
uncontaminated by any _ kind of 
applied field, which we have con- 
veniently christened ‘‘ Virgin Noise.”’ 

Then there is the noise due to the 
application of an A.c, field, where a 
distinction must be made between the 
noise produced by the recording bias 
alone, with no modulation, described 
as ‘f dynamic background noise,’’ and 
the noise which is left if the wire has 
been erased, defined as “‘ static back- 
ground noise.” 
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Similarly, the noise produced by a 
steady field is described as ‘‘ Maxi- 
mum D.c. Noise ’’ when no further 
increase is obtained, and as ‘‘ Modula- 
tion Noise ’”’ before this maximum is 
reached, 

The use of the term ‘ Modulation 
Noise ’’ may seem rather startling, 
particularly as A.c., and not D.C. bias- 
ing is used in this system. The peaks 
of a low-frequency audio signal may, 
however, be considered as providing 
a steady field for short periods of 
time and it has been found that if 
such a low frequency is recorded, and 
subsequently filtered out from the 
play-back signal, the resulting noise 
curve is precisely similar to that pro- 
duced by a D.c. field, 

The whole subject of noise analysis 
in Magnetic recording is a very com- 
plex one, but I think I have said 
enough to show that unless these dis- 
tinctions are made, very misleading 
estimates of overall signal-to-noise 
ratios can easily be made, particularly 
if the ncise from an erased record is 
used for such an estimate. 


A lot of help can be obtained from 
a consideration of the proportions of 
domain orientations present and their 
relative contributions to these noises, 
but I can only summarise the conclu- 
sions now. In general the total over- 
all background noise in a _ given 
wire is roughly proportional to its 
remanence, and so is the D.C. noise, 
while the A.c. noise approximates to 
the first derivative of the D.c. noise 
curve. 

Reduction in remanence for the 
original purpose of improving fre- 
quency response thus is of con- 
siderable assistance in reducing 
background noise, and encouragement 
of preferred domain orientation 
during the manufacture of the wire 
can account for a further reduction, 
particularly in the modulation noise 
component. With such treatment 
there is no difficulty in obtaining 
dynamic background noise measure- 
ments at least 60 db. below maximum 
signal strength, but as I have tried 
to show, this is not necessarily the 
whole of the story. 


The detailed theory of domain con- 
tributions to background noise does 
not take into account any such sudden 
changes of wire characteristics as 
would account for occasional and 
random clicks and scratches; it deals 
rather with the steady background 
noise which is more of a hiss than a 
series of scratches. It assumes, 
therefore, a uniformity of physical 
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structure which is difficult to attain 
in ordinary steels. The austenitic 
stainless steels are far from ordinary 
in the sense that when they are fully 
annealed they exhibit a very fine 
grain structure of non-magnetic 
material. Cold working the material 
results in precipitation of ferrite in 
minute particles at the grain 
boundaries, and it is these patches 
which form the magnetic counterpart 
of an otherwise non-magnetic carrier. 
The term ‘‘ ferrite ’’ is a wide one, 
and its precise composition is very 
vague, but it can be shown to change 
its magnetic behaviour widely with 
expected changes in its composition. 
Magnetic analysis of the many types 
of wire examined has provided quite 
a few clues as to the probable com- 
position of the ferrite and has made 
it possible to design the correct heat- 
treatment to give a surprising degree 
of magnetic uniformity to the final 
product, which as I said just now, 
should be regarded not as a magnetic 
wire, but as a non-magnetic one with 
a quantity of minute magnetic 
particles imbedded therein, 

I should perhaps have mentioned 
that the diameter of wire chosen as a 
standard—o.oo04 in.—has been adopted 
mainly because it is as small as 
mechanical considerations will allow. 
Anything smaller than this becomes 
difficult to see and handle, and is 
liable to be very fragile. With 
austenitic steel wires treated as I 
have described, to obtain optimum 
magnetic characteristics, the break- 
ing strain lies between three and four 
pounds which leaves an amply safe 
margin. Even if they are mis- 
handled and broken it is a simple 
matter to tie a knot in the wire—no 
annealing is necessary for this—-and 
the heads are so designed that such 
a knot can pass through them with- 
out damage. 

The type of construction used for 
the recording heads is a very simple 
one, consisting of a small approxi- 
mately rectangular core of high 
permeability material. A coil is 
wound round ohe leg of the rect- 
angle and the opposite side provided 
with a gap. Ideally the wire would 
pass right through a small hole in 
the gapped leg, travelling within the 
core except in its passage through 
the gap. In practice it is necessary 
to make this hole a slot so that the 
wire may be readily inserted, and the 
gap faces are chamfered away to 
concentrate the flux in the gap. If it 
were not for leakage flux, there 


_ would be no appreciable field in the 
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wire path, and in any case this leak- 
age flux distribution is distorted as 
soon as the wire is inserted, to a 
degree dependent on the permeability 
both of the core and the wire. 


In its passage through the head the 
wire is subjected first of all to an 
increasing alternating field due to the 
combined bias and signal leakage flux 
from the gap, which rises to a maxi- 
mum during the crossing of the gap 
and then decreases again until at 
some little distance outside the 
head the leakage flux has decreased 
to negligible proportions. 

The precise width of the recording 
gap is of only secondary import- 
ance, the controlling factors being 


the bias frequency and the, rate 
of decay of the leakage flux 
past the gap. Once this decay 


has reduced the leakage to a 
point where it can no longer over- 
come the coercivity of the wire it is 
of no further importance, but until 
then it will tend to erase the signal 
recorded in the gap. 

Neglecting for the moment the 
leakage flux past the gap, the effec- 
tive gap-width is settled by the 
wavelength of the bias component for 
a given wire speed, as the wire will 
‘‘remember’’ the last maximum 
value of applied field before the sub- 
sequent reversal of direction of this 
field to a value sufficient to overcome 
the coercivity of the wire, At 2 
ft./sec., gap width of .oo1 in. and 
bias frequency of 48 Kc/s, there will 
be four such reversals during the 
passage of a particle of wire through 
the gap giving an effective gap 
width of .o0025 in. The subsequent 
leakage field might result in 2 or 3 
more reversals, so that the overall 
effect might be equivalent to an ideal 
gap of approximately .ooo5 in. and 
losses increasing with signal fre- 
quency will occur to this extent. 


Again, the complete analysis is 
very complex, and I should hate to 
try and be too dogmatic about it. 
Losses due to the recording gap and 
subsequent leakage erasure are, 
however, small compared with those 
due to self-demagnetisation of the 
wire, 

It is usual to record with a con- 
stant current recording characteristic 
up to about 1,000 cycles for which 
purpose only about a milliwatt of 
signal is required. From there up- 
wards it is desirable to introduce 
considerable lift to compensate as far 
as possible for self-demagnetisation 
losses, the amount of lift employed 
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depending on the R value of the 
wire used. Even with this lift, the 
recording power required is very 
small, but account must be taken of 
the oscillator power output as it is 
really the bias that does the work of 
overcoming the coercivity of the wire. 
This may be as high as 3 or 4 watts, 
depending on the wire used. 

The play-back head is similar in 
construction, but here the gap width 
is of paramount importance. The 
same considerations of high-frequency 
losses and distortion apply as with 
the slit width in sound-on-film record- 
ing. If the effective width can be 
kept to the order of .oo05 in. losses 
at 10 Kc/s. from the cause will be 
negligible, but very great care in 
construction is necessary to attain 
this. The drop in permeability of 
the core material at the higher audio- 
frequencies is another source of loss. 
Fortunately with this type of con- 
struction the wire is bearing on a 
comparatively large surface of metal 
and there is no danger of the gap 
width deteriorating quickly in use; 
and provided the slot in which the 
wire travels is cleared occasionally, 
so that it can bed down properly, 
both heads will give many hundreds 
of hours useful performance, 

Heads used for erasing are again 
similar in construction, but there are 
naturally many possible variations on 
the original theme. Recording and 
erasing may be combined in one head, 
for example, with two gaps on the 
same core and making use of the 
coupling between the erasing and 
recording coils to obtain the right 
proportions of bias and erasing fields. 

With a constant current recording 
characteristic — corrected for wire 
losses—the output voltage from the 
play-back head should theoretically 
rise at 6 db, per octave, as the output 
is proportional to the rate of change 
of flux in the play-back coil, neglect- 
ing losses therein, 

In practice this is subject to various 
modifications. As the wire passes 
right through the play-back head it is 
possible for the external field from 
the wire to follow two alternative 
paths, one through the core to the 
coil and back again, and secondly 
from the point where the wire enters 
the head, through the coil and out 
again where the wire leaves the head. 
The voltage induced in the coil in the 
latter case will vary in and out of 
phase with the main voltage, and 
will produce humps and troughs in 
the nominal characteristics at fre- 
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quencies where the width of the head 
is a sub-multiple of half the wave- 
length. If the coil is wound actually 
around the gap the same effect takes 
place except that the humps and 
troughs are reversed, With careful 
shaping of the laminations of the 
core, this effect can be reduced to one 
of minor importance. 

At the upper end of the charac- 
teristic the several losses gradually 
take control, and the output voltage 


drops progressively. In general, 
therefore, it is necessary to introduce 
both bass and treble lift, making 


the play-back amplifier characteristic 
a dished one with the minimum 
response somewhere around 2,000 
cycles, depending on the type of wire 
used. With the standard wire ‘speed 
of 24 in, per second, and a wire with 
R = .5, the play-back signal at 14 
Kc/s. can be sufficiently far above 
the noise level for an overall charac- 
teristic flat within + 2 db. from 30 
to 10,000 cycles td be obtained with- 
out excessive valve hiss due to the 
treble lift. 


The mechanical arrangements re- 


quired to effect a constant wire 
speed through the heads present 
some interesting problems. For 


serious music recording the technique 
adopted is similar to film work, using 
a capstan round which the wire is 
passed to provide a steady speed, and 
a take-up device which must accom- 
modate its speed to its enlarging 
diameter as the wire piles thereon. 
This must involve some form of a 
slipping clutch and the grip on the 
wire exerted by the capstan must be 
sufficient to produce this slip. Now 
it is not easy to get a grip on a wire 
of .o04 in, diameter, particularly if 
the mechanism is hot to be so 
cluttered up with pressure rollers, 
and so on, that loading the wire 
becomes a complicated business, 

When designing equipment where 
the services of a reasonably competent 
operator can be assumed, as_ with 
studio recorders, and so on, this is 
not difficult to attain; but mechanisms 
to be used in the home are a different 
matter. Several very ingenious 
arrangements have been worked out 
to enable even elderly ladies who 
probably can’t even see the wire to 
load, play, rewind, and remove a 
spool without touching the wire. 

Standards have been adopted for 
spool sizes, and the one I have here 
holds one hour’s supply of wire. 
There is, of course, no real limit to 
the length that can be accommodated 
if desired, 
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The mechanical design is further 
complicated by the necessity for 
piling the wire on the spools, the 
need for fast rewind facilities, footage 
indicators, and so on. 


Although I have so far discussed 
the application of wire recording 
from the point of view of serious 
music recording, the principles out- 
fined serve as a useful guide to other 


uses. One of the very attractive 
features of wire recording is the 
chance offered for recording gear 


that will run virtually unattended for 
long periods of time. If such appli- 
cations are limited to speech record- 
ing, and can accept a limited fre- 
quency range, the wire speed may be 
reduced very considerably. At 6 in. 
per second, for example, this spool 
will hold sufficient wire for 4 hours 
continuous recording of speech of 
‘recognisable ’’ standard, while at 
3 in. per second 8 hours are available, 
although the standard by then has 
deteriorated to ‘‘ intelligible.” 


At the other end of the scale 
increase of wire speed will allow the 
recording of frequencies well up into 
the supersonic range, and there is a 
large field here waiting to be fully 
explored, 

Before I play some recording to 
you, I would like to refer to various 
developments in other countries. The 
most familar of all is the German 
Magnetophone, which has by now 
been fully described in various 
publications, e.g., ° * 

The principles that I have outlined 
in connection with wire recording 
also apply in the case of tape, pro- 
vided due allowance is made for the 
changed conditions in the demag- 
netising factor D which can again 
be determined experimentally. In 
general these changed _ conditions 
reduce the value of D for a given 
wavelength, so that for any particular 
ratio of coercivity to remanence the 
self-demagnetisation losses will be 
less. This is, however, offset by the 
reduced effective cross-section of 
magnetic material which necessitates 
a higher remanence to produce an 
equivalent signal strength with the 
result that the R value is lowered. 
The method of manufacture of the 
tape does not appear at first sight to 
offer much chance of controlling the 
magnetic properties thereof during 
the process of production except in 
so far as the particle size and separa- 
tion can be controlled chemically, so 
that the magnetic state of the finished 
tape is apparently settled in the 
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original choice of material. A number 
of concerns in America have been 
working along similar lines with both 
wire and tape, particularly the 
Armour Research Foundation and its 
associated licencees, who have pro- 
duced several forms of wire recorders 
suitable for use in the home. The 
Brush Development Corporation have 
recently put_on the market both wire 
and tape recorders for home use and 
an ingenious variety of the tape 
recorder whereby a coated sheet of 
paper is used for recording letters 
which may be folded and_ sent 
through the post—provided the re- 
cipient has the necessary play-back 
machine. The Indiana Steel Corpora- 
tion have also demonstrated a coated- 
tape recorder for home use. 

In Switzerland, wire recorders have 
been developed elaborately for busi- 
ness purposes by the Ipsophone com- 
pany who provide equipment that will 
answer the telephone for you, take 
messages, record meetings and act as 
a typist pool and inter-office telephone 
facilit’ ; at one and the same time 
if req. .ted, and there are many others. 

The equipment that I have brought 
along tonight is part of a complete 
transportable recorder intended for 
high fidelity work. It employs a 
heavy capstan drive and will accom- 
modate up to 4 hours supply of wire, 
so that if necessary a complete session 
may be recorded continuously. 
Monitoring can be carried out either 
direct or from the recording as it is 
made, and I propose to play to you 
now a short excerpt from such a 
session recorded recently with an 
orchestra of some 4o players, As 
disk records were being made during 
this session with the usual compres- 
sion, the excerots I have chosen are 
taken from one o: “he rehearsals when 
it was possible to leave the main gain 
control severely alone; neither has 
any form of expansion been used. 

In conclusion I wish to acknowledge 
my indebtedness to my colleagues in 
the Research Department of Boosey 
& Hawkes, Ltd., and to my directors 
for permission to give this talk. 
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The Measurement of the Magnetic 


Properties of Fine Wire 
By P. T. HOBSON, E. S. CHATT and W. P. OSMOND, B.A., B.Sc.* 


was required primarily to enable 

measurements to be made of the 
remanence and coercivity of fine wires 
of diameter 0.004 in. with a maximum 
applied field of 1,000 oersteds, and 
with maximum sensitivity to allow 
readings of remanence to be made as 
low as 100 gauss. 

Moreover, it was considered that 
this requirement should be met with 
a specimen consisting of a single wire, 
and that measurements should be 
made at a frequency not exceeding 
50 cycles. 

As secondary requirements, it was 
considered that both 47J-H and B-H 
curves should be displayed, also the 
differentials of these curves with 
respect to H; and that means should 
be provided to expand the H scale for 
accurate measurements of coercivity 
and examination of curves. 

It was intended that the well-known 
method of displaying hysteresis loops 
on a C.R.O. should be employed, with 
special provision for the above re- 
quirements of sensitivity and variety 
of curves which are not covered in the 
papers given in the list of references. 
The design was based on previous 
experience in the construction of 
similar gear, which had a maximum 
field of 500 oersteds, and required a 
test sample of 100 wires in a bundle 
to obtain a maximum sensitivity of 
250 gauss. 


T HE apparatus described herein 


Previous Experience 


The construction of the original 
apparatus had demonstrated the con- 
siderable difficulty in obtaining high 
flux density with air-cored coils with- 
out serious overloading; while the 
necessity for using a composite speci- 
men of 100 wires became very tedious 
when bulk inspection was required, 
apart from the suspicion that an 
averaged result was being obtained 
with possible masking of detail. 

The general principle of a small 
search coil within the main magnetis- 
ing winding, together with means for 
providing a signal 180° out of phase 
with that obtained from the search 
coil with no specimen present, had 
worked well, but the use of a heavy 
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Fig. 1. Arrangement of the 
Magnetising Coil Assembly 














current magnetising winding with few 
turns had made a separate H amplifier 
necessary with three phase controls 
for signal, compensation, and the 
base, while direct calibration by calcu- 
lation was not easy. 


The Magnetising Assembly 


It was therefore decided that an 
iron magnetic circuit should be used 
with a comparatively large air gap, 
and that the two search coils should 
be mounted within this air gap. With 
a wire diameter of only 0.004 in. a 
specimen 0.2 in. long would be for all 
practical purposes free from self- 
demagnetisation, and this length was 
chosen for the air gap which is formed 
by shortening the “‘ T ” stack of a set 
of transformer laminations by that 
amount. 

The type of construction used is 
shown in Fig, t. The formers for the 
search coils were very accurately 
made, allowing a winding length of 
0.1 in.; internal diameter 0.1 in. ; and 
a 1/64 in. bore with bell-mouthed ends 
to facilitate insertion of the specimen. 
One lamination immediately above 
and below each search coil is slotted 
as shown so that if required a wire 
can be passed right through the 
magnetising assembly for contiuous 
tests on a moving wire. Each coil 
was given 350 turns and the external 
diameter was then found to be 0.12 in. 

The entire assembly is surrounded 
by the magnetising winding; and 


using one coil with an amplifier of 
known gain the available field was 


found to be 1,000 oersteds with 28.04 
mA passing through the coil, requir- 
ing 770 volts r.m.s, at 50 c/s. This 
current can be maintained indefinitely 
with very slight temperature rise. 
The leads from the search coils 
were carefully twisted, screened, and 
brought out to a point some 6 in. away 
from the assembly before tagging to 
the main cable to the amplifier, to 
avoid unequal pick-up from the leak- 
age field around the magnetising 
assembly. A series resistor in the 
magnetising winding circuit is used to 
supply a voltage proportional to the 
magnetising current direct to the 
““X ”’ terminal of the C.R.O., and by 
making this resistor a variable poten- 
tiometer, a base twice the width of the 
C.R.O. screen is obtainable at Hmax, 
with any desired lesser value. The 
magnetising current control is obtained 
from a variac taking input from the 
mains, the dial being calibrated from 
zero to 500 oersteds. The output from 
the variac is passed to a transformer 
having a centre-tapped secondary, 
which with suitable switch, provides 
an H scale ‘‘ x2’ multiplier, as well 
as making it possible to earth one side 
of the magnetising winding and ex- 
pander resistor to the C.R.O. earth 
terminal independently of the mains. 


The Vertical Amplifier 


It was considered that a vertical 
deflection of Br = 1,000 gauss = 2 
cms. (= 1 cm. each way from the 
origin) would meet the sensitivity 
requirement. The Cossor double-beam 
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C.R.O. used has an internal vertical 
amplifier with a gain of 1,000 times, 
hence with a search coil with 350 turns 
an additional gain of 317.5 times has 
to be provided, including the inevit- 
able loss in the integrator (See 
page 385-— Calibration). This is 
obtained in four stages. 

On test, the output from one of the 
search coils was found to be slightly 
in excess of that of the other coil, and 
this larger coil was chosen as the 
compensation coil and provided with 
a potential divider consisting of a 
fixed resistor ,of 2,500 ohms—a value 
far in excess of the impedance of the 
coil—to form the bottom leg, together 
with a 50 ohm and a 500 ohm variable 
resistor in series in the top leg to act 
as fine and coarse balance controls 
(see Fig. 2), A further fixed potential 
divider is provided, together with 
suitable switching to allow a propor- 
tion of the compensation signal to be 
dropped to give the alternative 47J-H 
and B-H traces (see page 385). 

Because of the wide range of values 
of remanence met with in practice, an 
attenuator is essential, but owing to 
the input network described above, a 
low gain triode is included before this 
attenuator which multiplies the verti- 
cal scale by 1, 2.5, 5, and 10. With 
the size of the C.R.O. screen used, this 
allows remanences up to 30,000 gauss 
to be measured before bulb distortion 
sets in. 

The main amplification is obtained 
from a 6J7 in the second stage. This 
is followed by a second 6J7 with a 
large capacity shunting the anode to 
earth to act as an integrator, and 
switching is provided so that the in- 
tegrator can be cut out of circuit. 

Finally, a triode is used to bring the 
gain up to the required'amount. The 
signal from the anode of this valve is 
fed directly to the C.R.O., and a 
phase-shifter is included in this stage 
with two variable controls which are 
selected by the integrator switch. By 
means of these two controls the 
integrator can be adjusted to give a 
complete go®° shift, and minor errors 
in the rest of the amplifier corrected. 

In view of the large total gain 
required and the low time constant of 
the integrator, this amplifier is battery 
fed, thereby minimising erratic up- 
and-down movements of the traces due 
to mains fluctuations. No cathode 
by-pass condensers are used, in order 
to avoid unwanted phase-shift, while 
non-inductive wire-wound cathode 
resistors and anode resistors of more- 
than-generous rating are employed to 
keep the trace free from minor irregu- 
larities. Great care was taken in 
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amplifier construction and throughout 
the gear to avoid earth loops. The 
valves are covered with mu-metal 
screens and the whole amplifier 
enclosed in a steel case to avoid hum 
pick-up. 


General Arrangement 


The complete apparatus is mounted 
in a standard rack with the C.R.O. 
bulb at eye-level. The variac is 
mounted well away from the vertical 
amplifier by placing it above the 
C.R.O., while the rest of the field con- 
trol gear, H expander, range and 
on-and-off switches are immediately 
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below the C.R.O. At the bottom is 
the vertical amplifier, the rest of the 
rack being occupied by other test gear. 
Fig. 3 shows the general circuit 
arrangement, and Fig. 4 is a photo- 
graph of the apparatus. The mag- 
netising assembly is provided with a 
long cable so that it can be used if 
required away from the rack, as for 
example, during tests on uniformity 
with a long length of wire. 


Operating Experience 
Very little modification has had to 


be made as a result of practical tests. 
The field from the Variac was found 
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Fig. 2 (above). Circuit diagram of the vertical amplifier 


Fig. 3 (below). The general circuit arrangement. 
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to affect the C.R.O., requiring thick 
screens below it to cure the trouble. 
Mains fluctuations throughout the day 
were found seriously to affect the field 
calibration, so a variable resistor and 
A.C. current meter were added in the 
Variac circuit for a calibration check 
at maximum field. 

During the course of tests for free- 
dom from phase shift a slight error in 
the phase angle of the base was found, 
due to the presence of the expander 
potentiometer in series with the mag- 
netising winding, which was corrected 
by fitting a condenser in parallel with 
this resistor. 

Some trouble was experienced with 


hum pick-up on the cable to the 
magnetising assembly which was 
eliminated by careful attention to 
earthing. 


The most serious difficulty was met 
when attempting to obtain a satis- 
factory balance at maximum field and 
maximum sensitivity, as a_ residual 
signal was present which completely 
masked any measurements below 500 
gauss, and caused serious distortion at 
values well above this. 

This error was eventually found to 
be made up of two components; the 
first apparently, due to eddy currents 
in the magnetising assembly; the 
second being, in effect, a saturated 
hysteresis trace of silicon steel, caused 
by the fact that the two slots for wire 
insertion are not exactly equal in 
every respect. One search coil will 
therefore ‘‘ see more core’”’ than the 
other, producing the same effect as 
that of a minute particle of the core 
material within one of the search coils. 

The eddy current error was can- 
celled out by connecting a 3-ohm 
variable resistor between a particular 
point on the core of the magnetising 
winding and the ‘‘ earthy ”’ side of the 
compensation coil at the point where 
the cable is attached to the magnetis- 
ing assembly. This has the effect of 
injecting a small signal into the verti- 
cal amplifier, and by varying the point 
of attachment to the core, this signal 
can be obtained in or out of phase with 
the error, 

The effect of this control is to leave 
the “‘ core’? error remaining, and no 
satisfactory method has been found for 
removing this, apart from introducing 
a very small specimen of the same 
material into the compensation coil. 
This can cure the trouble, but exact 
adjustment is extremely difficult, and 
it was finally decided to leave the error 
and make allowance for it when taking 
measurements at high gain. This is 
permissible because the trace obtained 
under these conditions with no sample 


D 
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Fig. 4. The complete apparatus mounted in a 
standard rack 





Fig. 5. The complete air-cored magnetising 
assembly 


Fig. 6. Asearch 
coil of the 
air-cored 
magnetising 
assembly, 
wound on a 
glass tube. 
(The cigarette 
provides an 
indication of 
the actual 
size). 
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in the search coil consists of a hori- 
zontal line with a small kink in the 
middle where it passes through the 
origin, the vertical deflection being 
0.4 cms. each way. Measurements ot 
Br are thus unaffected; B max read- 
ings are increased by this amount, 
while coercivity measurements are 
virtually unaffected. For any vertical 
attenuator settings other than ‘ x1 ”’ 
this error is negligible. 


Calibration and Methods of Measure- 
ment 

The initial calibration of the H scale 
was made by measuring the voltage 
developed by each search coil for 
ditferent values of magnetising cur- 
rent, and calculating the field from 
the formula :— 

ER.M.S. x V2 x 10° 
¢ = on 
27 fAN 
maximum (peak) flux 
density in search coil. 
N number of turns on 
search soil = 350. 
A = effective area of sexrch 
coil = 0.0613 sq. ¢.). 
= voltage developed i. 
search coil obtained by 
direct measurement, 
| 1.7 mV per mA of 
magnetising current. 

This gives a maximum flux density 
of 35.063 oersteds per mA (r.m.s.) of 
magnetising current. 

As mentioned in Section 4, the two 
search coils are not exactly equal, the 
difference in their respective outputs 
being about 5 per cent. The value ot 
1.7 mV/mA quoted above was there- 
fore taken as the average of the two, 
giving a probable accuracy in the final 
calibration of the order of + 3 per 
cent. 

The dial of the Variac carries mark- 
ings in 5 oersted steps from zero to 
530 oersteds. 

Mains fluctuations are sufficient for 
frequent reference having to be made 
to the calibration setting meter men- 
tioned in Col. 1. 

The ratio of the area of a 0.004 in. 
dia. wire to the effective (mean cros» 
section) area of the search coils is 
1: 756.25, and the potentiometer used 
to produce B-H curves is therefore set 
to allow this proportion of the com- 
pensation voltage to be suppressed. 

With the apparatus set up and 
adjusted for balance with no specimen, 
the B-H switch then allows this small 
out-of-balance signal through to the 
vertical amplifier and produces a tilt 
in the previously straight horizontal 
trace. The vertical deflection thus 
produced is therefore equal to the 





where 


ER.M.S | 


i 
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Fig. 7 (left). Hysteresis loop obtained with the apparatus, 
including the integrator . 


applied field in the space occupied by 
the specimen, and can thus be used to 
determine the vertical calibration. 
The overall gain is adjusted so that 
this deflection is 1 cm. above and 
1 cm. below the horizontal axis when 
Hm = 1,000 oersteds, due allowance 
being made for the ‘‘ core’ error of 
0.4 CM. 

For permanent set-up the following 
method of adjustment was adopted :— 

(a) The vertical amplifier phase 
adjustments were carried out by 
applying a sinusoidal voltage of 
variable frequency to the horizontal 
plates of the C.R.O. and injecting a 
small proportion of this voltage into 
the grid of the vertical amplifier. The 
phase adjustment resistors were then 
used to produce either a straight line 
or a_ horizontal ellipse with the 
integrator out of or in circuit. Reason- 
able freedom from phase shift was 
obtained up to about 3,000 cycles when 
errors became apparent, This test 
was carried out with maximum gain. 

(b) The apparatus was then set as 
normal and checked for balance. The 
balance control was then adjusted to 
give a signal of sufficient magnitude 
to swamp the “core” error, with 
maximum gain and field, and the line 
and ellipse again observed with the 
integrator in and out, the reversal of 
the effects as compared with (a) above 
being due to the horizontal signal now 
being proportional to the current in 
the magnetising winding, and there- 
fore introducing a shift of 90° as com- 
pared with the previous conditions. 

A slight shift due to the presence of 
the H expander was found and coi- 
rected with a small condenser. This 
test was carried out at maximum gain 
and maximum field, and then repeated 
at maximum gain, and 50 per cent. of 
maximum field. 

(c) By repeated adjustment of the 
balance controls and the 3-ohm re- 
sistor the latter was set to remove the 
eddy current error, and test (b) 
repeated. 

As a test of the complete equipment, 
a saturated hysteresis loop of medium 
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carbon wire was produced and found 
to be of satisfactory shape, allowing 
for the slight inherent distortion of 
opposite halves of the trace due to the 
use of a double beam C.R.O. These 
errors are cancelled out if measure- 
ments are taken of total deflection 
vertically and horizontally and then 
halved. The appropriate switches 
were then operated to see that :— 

(d) Increasing the field from 500 to 
1,000 oersteds produced no increase in 
coercivity or remanence, and 

(e) Changing from a 47] to B-H 
trace produced no change in reman- 
ence. 

This was found to be the case. 

Routine checks on switching on and 
after allowing time for warming up 
involve :— 

(a) Setting mains resistor for H 
calibration. 

(b) Checking for balance with 
switches set for 47J-H curves, and for 
freedom from eddy-current error. 

(c) Setting gain for vertical cali- 
bration. 

The ‘‘ V2" plate of the double- 
beam C.R.O. is connected to earth and 
the resultant horizontal trace forms a 
convenient reference level which is 
always proportional to Hm. Normally 
it is used to indicate the horizontal 
axis, but it is often convenient to use 
it as a marker for any point on the 
trace by using the appropriate vertical 
shift control. 

There is a slight origin distortion 
inherent. in the C.R.O. with large 
traces, and it is always advisable to 
centre the trace on the centimetre 
graticule used, for which purpose the 
second beam is very useful. 

When observing complete hysteresis 
loops it is desirable to restrict the 
total deflection in any direction to 
about 6 cms. to avoid distortion of the 
trace owing to curvature of the C.R.O. 
bulb, but for examination of portions 
of a curve in detail, the trace can be 
expanded as much as possible, and the 
horizontal and vertical shift controls 
used to bring the required portion of 
the trace to the centre of the screen. 





Fig. 8 (right). Differential curve obtained with the apparatus 
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without the integrator 


In this connexion the H expander is 
extremely useful for the accurate 
measurement of coercivity values. 

The method adopted in this case is 
to centre the trace about the origin 
and then expand it horizontally until 
the left and. right hand coercivity 
points are a convenient scale distance 
apart—e.g., 4 cms.—using the hori- 
zontal shift control to align the 
coercivity points on a pair of thick 
vertical lines on the graticule. Then 
reducing the variac until the second 
beam produces a line 4 cms. long, 
provides a direct reading of the coer- 
civity on the variac dial. 

For plotting B,-H curves (such as 
that shown in Fig. 9), it is sufficient to 
set the expander to “any convenient 
extension, and read off the total de- 
flection on the Y-axis for increasing 
settings of the variac. 


Alternative Air-Cored Magnetising 
Assembly 


The error mentioned in Section 6 
having been proved an inherent fault 
in design, an air-cored assembly was 
designed and built to enable more 
accurate measurements to be made 
with specimens of very low reman- 
ence. This proved successful, but 
has the expected disadvantage of 
running hot at its maximum field of 
1,000 oersteds, and can therefore be 
used only for short periods of time 
unless the field is kept well below this 
value. 

A magnetising winding of 87,000 
turns of 43 S.W.G. enamelled wire is 
used, with total length of 1 im., 
internal diameter 0.3 in., and requir- 
ing a current of 33.5 mA to produce a 
field of 1,000 oersteds. This value 
was obtained with the use of a special 
search coil with 100 turns, and cale:1- 
lating the field from the voltage 
induced therein. 

Owing to the greater space avail- 
able with this construction, the search 
coils are wound with 700 turns each, 
giving double the sensitivity of the 
iron-cored assembly, without adJdi- 
tional amplification. A total vert-cal 
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deflection of 4.cms. is hereby given 
per 1,000 gauss. The search coils are 
wound on glass tubes 1.4 mm. outside 
diameter, the one used as the signal 
coil being provided with a bell mouth 
which makes an easy. matter cf the 
insertion of even very curly wire 

As with the iron-cored assembly, a 
long cable with suitable plugs is pro- 
vided, and the two assemblies are 
easily interchangeable. For this pur- 
pose a switch has been added to the 
main rack which (a) alters the shunt 
on the ‘* H ”’ calibrator meter so that 
the same marking can be used in each 
case, and (b) changes the value of the 
condenser across the ‘‘ H ”’ expander. 

The complete assembly is illustrated 
in Fig. 5, one of the search coils being 
shown separately in Fig. 6. 

With this magnetiser there is com- 
plete freedom from residual error, 
apart from a tendency for a slight 
phase shift to occur between the two 
search coils if it is used at fields of 
1,000 oersteds for excessively long 
periods. This effect is as yet unex- 
plained, but it fortunately disappears 
when the coil is allowed to cool off. 

Further, it is possible to insert up 
to six wires at a time, giving an 
effective sensitivity of 24 cms total 
deflection per 1,000 gauss, or 41.7 
gauss per cm, 
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Appendix 
‘The Application of Differential Permeability Curves to the 
Magnetic Analysis of Alloys 


A from the circuit simplifi- 
cation involved in the use of 
differential permeability curves 
owing to the absence of the integrat- 
ing network, it has been found that 
the outline of these traces is much 
more sensitive to changes in the mag- 
netic properties of the material tested 
than is the hysteresis loop, and they 
are, therefore, of great value in the 
study of alloy structure by magnetic 
methods. 


For a substance in which any 
irregularities of structure are at 
largest sub-microscopic, both the 
hysteresis loop. and the differential 
trace are perfectly smooth curves, the 
latter tending to become horizontal 
towards Hmax, more especially when 
this Z approaches saturation values. 
Between the two nearly horizontal 
portions in each half of the curve, 
there is a pronounced bulge or peak 
indicating the field strength giving 
maximum steepness of the hysteresis 
loop. For a given material it is found 
that this maximum occurs at the same 
value of H, whether the differential 
susceptibility or permeability is being 
measured, and further that, for 
reasonably large values of Hmax 
changes in the latter have no effect 
upon the value of H at this peak. 
It is therefore conveiient to refer to 
this value of H as the “ specific 


Fig. 9. Curves obtained from the apparatus showing the variation in remanence (Br) and 
inductive coercivity (pHc) with applied field (H) 


coercivity ’’ of the substance, with the 
symbol ,H., which indicates the field 
strength at which maximum instan- 
taneous acquisition of irreversible 
magnetisation takes place, and which 
is independent of the field strength 
required to reduce to zero either the 
intensity of magnetisation (;H-) or the 
induction (gH-). 


Irregularities in Curve 


When, however, there are: inclu- 
sions of different magnetic properties 
in the main bulk of the material, 
irregularities will appear in both 
curves, taking the form of ‘step ”’ 
discontinuities in the hysteresis loop, 
and in the differential curve showing 
as separate peaks. These may be 
very sharp, like needles, and 
clustered together, as described in an 
earlier report elsewhere.'| This curve 
is very sensitive to small irregularities 
of magnetic structure, and _ needle- 
like peaks have often been observed 
when the hysteresis loop showed no 
discontinuities without extreme ampli- 
fication. On this account it is a most 
valuable aid in testing the magnetic 
properties of alloys, in spite of the 
fact that neither the maximum inten- 
sity (or induction) nor the remanence 
can be read directly, although they 
can be calculated planimetrically. 


Illustrations from Actual Tests 


Considerable use of this curve has 
been made in the testing of chromium- 
nickel stainless steel alloys (both of 
the 12 per cent. Cr. Ni. and of the 
18 per cent, Cr, 8 per cent. Ni. com- 
position) which have been rendered 
magnetic by drawing into fine wires. 
The irregularities observed fall into 
two main classes: (a) those varying 
both in intensity and in position on 
the curve from point to point on the 
wire under test, and (b) those for 
which there is no appreciable change 
in either at any point. It is now con- 
sidered that the extreme lack of 
homogeneity of the former class is 
caused by the temperature of the final 
anneal having been too low to pro- 
duce a completely ordered atomic 
arrangement throughout the alloy. 
The definite degree of order apparent 
in the second class indicates the 
occurrence together throughout the 
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materia] of more than one magnetic 
arrangement. The theoretical dis- 
cussion of these matters is beyond the 
scope of this article, but is being pre- 
pared for publication elsewhere. 


Effect of Heat Treatment 

Most of the ordered class of 
irregularities observed have occurred 
when examining the effects of heat 
treatment subsequent to cold drawing 
into fine wires. For the same length 
of time at temperature it was found 
that with increasing temperature 
(above about 400° C. for these alloys) 
there is in some cases a slight rise in 
remanence, and then in all cases, a 
relatively sharp fall during which the 
value of sH- rises to a maximum and 
then also falls. While B, is falling 
a new peak appears at a lower value 
of H, and gradually increases in rela- 
tive importance until the original 
peak quite disappears, thus denoting 
a complete change in magnetic struc 
The new constituent has very 


ture. 
much lower remanence as well as 
lower specific coercivity than the 
original, and with further increase in 
temperature both these quantities 
decrease still further and _ finally 


disappear. 

In one method of heating a short 
length of wire was suspended in an 
electrically heated furnace, a point 
near the upper end being held for the 
necessary length of time at the 
required temperature, while the lower 
end was virtually at room tempera- 
ture. Such wires show a well defined 
“heat gradient’? of magnetic pro- 
perties, and the whole of the above 
sequence of changes can be observed 
on the CRO as the wire is passed 
through the testing coil. The photo- 
graphs of Figs. 1 to 10 show the 
changes occurring in both curves at 
different points on an 18/8 Cr.-Ni. 
steel wire, treated in this way, the 
treatment for the upper end being five 
minutes at 800° C, 

Cathode Ray Tube Traces 

Fig. 1 shows the normal appearance 
of the CRO traces for a cold drawn 
wire without subsequent heat treat- 
ment. In the following figures there 
is no change in the horizontal scale, 
so that the initial increase and sub- 
sequent decrease in sH-. (and j;He on 
the hysteresis loop) with increasing 
temperature of the treatment can 
readily be followed. In order to 
keep the photographs within reason- 
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Oscillogram of tests of 0.004 stainless steel 
wire. he hysteresis loops are on the left 
and the differential loops on the right in each 
case. 








1&2. Cold drawn wire before heat treat- 
ment. 

3&4. First appearance of second magnetic 
constituent. 

5&6. The peaks of both constituents are 
of the same height. 

7&8. The original constituent has now 
nearly disappeared. 

9&10. A pletely new gnetic structure 
has now been formed. 

11 & 12. One point on a different specimen of 


wire, showing very heterogeneous 
structure. 


able bounds the vertical attenuation 
had to be altered during the series, 


and by different amounts for the 
separate curves (loop and differen- 
tial). Thus the changes shown are 


not quite so marked as they appear 
when the whole screen can be used 
for observations with the naked eye. 
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For the hysteresis loop the vertical 
amplification in Figs. 3 to 5 is five 
times that in Fig. 1; the drop in 
remanence 1s clearly marked. In 
Fig. 4 the vertical amplification of 
the differential curve is eight times, 
and in Figs. 6, 8 and to it is 
twenty times, as great as in Fig. 2. 
The obvious lowering of the height of 
the main peak through the series 
shows that the slope of the loop is 
becoming less pronounced, and as a 
consequence, that the maximum in 
tensity of magnetisation is falling and 
with it, therefore, the remanence. 
The second magnetic constituent o1 
phase first appears in Fig, 4, and it 
can be seen that without this guide 
its existence would not be at once 
obvious from the hysteresis loop of 
Fig. 3. There is a definite irregu 
larity in the loop of Fig.5, by which 
time the two peaks on the differential 
curve (Fig. 6) are of approximately 
equal height. In the curves of Figs. 7-8 
the second constituent appears as the 
more important magnetically, and in 
Fig. g it alone is of any significance. 
This last pair of curves represents the 
magnetic state after heating for 5 
minutes at 800° C. 

It is emphasised that the changes 
shown took place in a length of little 
more than 2 in. of a single wire 
of diameter 0.004 in. 

Fig. 12 illustrates a differential 
curve showing pronounced _irregu- 
larities at one particular point on a 
wire where these vary considerably 
along its length—the ‘ disordered ”’ 
type of structure referred to pre- 
viously. Although the corresponding 
loop shows very marked discontinuity, 
the detail is by no means clear, 


The above description indicates the 
value of the differential permeability 
curve as an aid to the metallographic 
study of magnetic materials. It has 
lately been brought to light that such 
a curve has been used in Germany for 
the study of internal stresses in 
metals,? but it has not so far been 
study details of the 
apparatus used." It appears, how 
ever, that the wires tested were of 
1 mm. diametei, 7.e., ten times that 
of the wires referred to in this article. 


possible to 
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With a Power Factor of .0002-.0004 and Volume Resistivity 
in excess of 10'* ohms per cm. cube, BX POLYSTYRENE 
is being produced to withstand the ever-increasing stress put 
upon insulating components. It is a transparent plastic with 
dimensional stability over a wide temperature field and is 
impervious to damp, alkalis and acids. In the above coil- 
pack and tuning condenser for instance, it is used as space 


. bars and base-plate for contact arms. 


BX POLYSTYRENE may solve your insulating problems for 
it opens up many fields for both technician and designer not 
hitherto considered feasible. Provided the proper pre- 
cautions are maintained, it may be cut, turned or drilled 
without fear of crazing or splitting. We will be pleased to 
give you further information or advice. 





LEADERS 





IN THERMO PLASTICS 





BX PLASTICS LTD. Head Sales Office: HIGHAM STATION AVENUE - LONDON - E.4 
‘Phone: LARk:wood 4491 

AREA SALES ‘OFFICES: King Street Buildings, |, Ridgefield, Manche:ter 2. Telephone: Manchester Blackfriars 0258. 
42, Wellington Street, Sheffield. Telephone: Sheffield 25517. Empire House, 159, Ge. Charles Street, Birmingham 3. 
Telephone: Birmingham Central 2365. WORKS: LONDON, MANNINGTREE, OUNDEE. 
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RANGE 
.Capacity Peak Working Retail 
FD: Volts Price 
SINGLE SECTIONS 
16 500 II/- 
(600v. Surge) 
32 450 12/- 
(550v. Surge) 
100 250 13/6 
250 100 13/6 
500 50 13/6 
1000 25 13/6 
000 12° 13/6 
DUAL SECTIONS 
8-8 500 12/6 
(600v. Surge) 
16-16 450 13/6 
(550v. Surge) 
32-24 50v. 13/6 
TRIPLE SECTIONS 
8-8-4 500 15/- 
(600v. Surge) 
16-16-8 450 15/6 
(550v. Surge) 
20-20-20 350v. 14/6 





We show above the range at present standard- 
ised in an aluminium can measuring 3}” x |”, 
fitted with 5-pin valve base. This list will be 
added to from time to time, according to 
demand. 
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From’ being the wayward child, 
the Electrolytic Capacitor, as a 
result of continuous research 
and the rigours of hard usage 
under years of . active service 
conditions, has become the 
model offspring in the matter of 
reliability and efficiency. 


Even so, accidents must and will 
happen, and 


particularly at 





CAPACITORS 


Plug-in Electrolytics 
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public meetings and functions it 
is vital to be able to locate and 
correct a cause of breakdown 
instantly . . . or even before it 
happens. ; 

It can be more than a mere in- 
convenience to have to locate by 
test a defaulting capacitor, 
disconnect from the wiring and 
replace with a new one. The 
advent of the T.C.C. Plug-in 
Electrolytic reduces such 
anxieties to almost nil and the 
replacement time to a matter of 
seconds. It now takes no longer 
to replace than a valve. 


Although the present-day de- 
pendability of T.C.C.  produc- 
tions is such that you may never 
have to do this, you should be 
prepared for the time... 


WHEN SECONDS COUNT. 
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The ‘ Filmgraph ” Sound Recording 
System 





HE Filmgraph is a novel type 
Ts recorder made by the Miles 
Reproducer Co. Inc., of New 
York. Essentially, the record is 
indented by means of a stylus, the 
track requiring less than 0.003 in. 


of lateral space. Reproduction is by 
the reverse process and the same 
sound-head and stylus is used in both 
cases, 

It might be thought that the track 
would wear comparatively rapidly, 
but this is not so and the records are 
definitely in the ‘‘ permanent ’”’ class 
and are capable of withstanding 
hundreds of transcriptions. The 
fidelity is high and the frequency 
response flat from about 75 to 
5,000 c/s. A certain amount of 
correction of recordings is possible 
and generally a second recording on a 
track will make a reasonable oblitera- 
tion of the first, 

This system is incorporated in 
various types of equipments and 
embodies a number Of interesting 
features, though not all of these are 
found in every model. 


Model HM (Fig. 1) is specifically 
made for dictation and. embodies a 
voice-operated relay in the start/stop 
mechanism. ‘The regular film can 
take 100 tracks, side-by-side, each 
running for 20 minutes, so that a 
single reel (500 ft.) of film can carry 
33 hours of recording. Rewinding 
takes 15 seconds and a ‘‘ go-back a 
word or sentence *’ device is available, 

Another model will give 3 hours 
uninterrupted record on one track or 
300 hours on 100 tracks. 

This machine, which weighs only 
30 lb., can be arranged to start auto- 
matically at the ringing of a telephone 
bell, or with a voice-operated relay. 
It has every desirable feature such as 
‘ slow-down ”’ on transcription, fast 
rewinding (approximately 2 minutes), 
monitoring, volume indication, error 
correction, etc, 

For recordings up to 3 hours in 
length an endless loop of film which 
moves continuously through the 
machine is used. No rewinding is 
necessary and  as_ each _ track 
is filled the next is started 
automatically, (Fig, 2.) 


389 


By J. H. JUPE 


Although not of the magnetic type, 
this recorder has sufficient novelty to 
be included in this issue.-—Ed. 





Fig. |. Model HM specifically made for dic- 
tation, with voice-operated relay. Fig. 2 (left), Model for continuous 
recording up to 3 hours. 


For short records, such as dictated 
letters, use can be made of film strips 
24 ft. long and which can be wound 
round a card and posted in an 
envelope. A strip of this length has 
a recording capacity of 100 minutes 
and if creasing occurs in the post the 
sound is not affected, 

For playing-back, the strip can be 
spliced into any standard reel with 
film cement or adhesive tape. If 
desired, the latter can be answered on 
the same strip. 

A particularly interesting point 
about the ‘‘ Filmgraph’”’ system is 
that since it can take standard 16 mm. 
film a sound-track can be added to a 
silent picture. Recording is made on 
the glossy side of the film, the sound 
track being close to the sprocket holes 
so that it will not show on the screen. 

With regard to cost, the ‘ Film- 
graph”? system is claimed to be 
exceptionally cheap. The cost of a 
34-hour recording by this system is 
8s. 6d., whereas the same _ time 
on steel tape is said to be £50, 
on wax disks £37 10s. and on 
wax cylinders £25. 
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A BIBLIOGRAPHY OF MAGNETIC RECORDING 
By Donald W. Aldous, M.Inst.E., M.B.K.S.* 


* Hon. Technical Secretary, British Sound Recording Association 
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A 
Miniature F.M. 
Transreceiver 


HE V.H.F. Transreceiver 
Phaze by Tele-Radio, Ltd., 

and shown in part in the 
accompanying photographs, is an 
excellent example of the reduction 
in size and weight brought about 
by the use *of miniature com- 
ponents. 

The overall dimensions are only 
g in. by 7 in. by 32 in. deep— 
little bigger than the ‘‘ personal ”’ 
radio receivers shown at Radio- 
lympia. The transmitter and 
receiver form one unit and a 
similar box holds the batteries, 
making a total weight of 8 lb. 

The transmitter is crystal con- 
trolled and frequency modulated 
with a deviation of +15 Kc/s. 
The frequency range (pre-set tun- 
ing) is from 70 to g5 Mc/s. and the 
R.F. power into a quarter-wave 
aerial system is 700 mW. The 
total consumption from _ the 
batteries is 1.5 V 650 mA and go V 
25 mA H.T. 

The receiver has been designed 
for frequency modulated carrier 
reception with a crystal controlled 
R.F. oscillator and consumes 
350mA at 1.5 V, and 15mA at 
go V. The stages are: R.F. ampli- 
fier mixer-oscillator, using 6th 
harmonic of the crystal, LF., 
I.F, and limiter, discriminator, 1st 
A.F., output. On transmitting, the 
output stages of the receiver act 
as the modulator. 
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The change from send to receive 
is by means of a pressel switch 
which actuates a relay on the 
microphone. The microphone itself 
is of the special miniature crystal 
type. 

The Transreceiver is intended 
for patrol work, and owing to its 
light weight and small dimensions 
can be carried for long distances 
without fatigue Further details 
of its performance can be obtained 
from Tele-Radio Development, 
Ltd., Edgware Road, W.z. 


Left. Underneath of receiver chassis. The 
transmitter section is on top (see photo- 
graph above). 
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oe. THE MICANITE AND INSULATORS COMPANY LIMITED 
tances 

eH Empire Works, Blackhorse Lane, Walthamstow, London, E.17 
pment, 


Manufacturers of MICANITE (Built-up Mica Insulation). Fabricated and Processed MICA. 


PAXOLIN Laminated Materials. EMPIRE Varnished Insulating Cloths and Tapes. HIGH 
VOLTAGE BUSHINGS and TERMINALS. Distributors of Micoflex-Duratube  sleevings. 
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Pr aaa 


A high production rate of flaw-free compression 
mouldings can be assisted by using high frequency 
equipment to pre-heat the moulding powders. 
B.I. Callender’s High Frequency Pre-Heaters 
ensure the even and thorough penetration of heat 
necessary for a uniformly plastic condition of the 
powder. Less moulding pressure is required, tool 
wear is reduced and large areas, thick sections or 
intricate shapes can be moulded with equal 
certainty. B.I. Callender’s high- 
frequency heaters are available 
in a range of capacities from 
4 oz. to more than 80 oz. of 
wood flour filled phenolic mould- 
ing powder. Electrical filters 
prevent radiation from the 
supply mains and the equipment 
is effectively screened in accord- 
ance with Post Office require- 
ments. 


Write for Publication No. 
219Y on High Frequency 
Heating Equipment. 

























Vader) HIGH FREQUENCY 
C-s HEATERS 
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LTHOUGH magnetic wire re- 

corders are very satisfactory 

for many uses, they have 
limitations when it comes to meticu- 
lous, professional applications. For 
example, unless the wire is contained 
in plug-in type magazines, annoying 
(and sometimes disastrous) wire snarls 
are likely to be encountered, as any- 
one who has ever handled a wire 
recorder is well aware. Even if one 
has the patience—and good luck—to 
be able to disentangle one of these 
‘ bird nests,’’ it will be found that the 
wire has been weakened where bent 
too sharply and before long a break 
occurs, together with another wire 
(and personal) snarl. 

Also, because of the difficulties 
attending the handling of the wire, a 
really fast rewind is not usually 
feasible—at least, not unless elaborate 
(and expensive) precautions are taken 
in the design of the mechanical 
system. Since it is often desirable to 





* Chief Audio Engineer, Columbia Broadcasting 
System, U.S.A. 
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play back a recording immediately 
upon its completion, a slow rewind 
is intolerable. (In this respect, disk 
recording out-performs any of the 
usual types of magnetic wire or tape 
recordings. ) 

Magnetic wire recording, from a 
home application viewpoint, at least, 
has another serious limitation. The 
cost of the raw material itself—the 
magnetic wire—is much too high to 
encourage very many persons to keep 
on hand a large supply of reels con- 
taining favourite recordings. Present- 
day prices are in the vicinity of $10.000 
for sufficient wire for an hour’s record- 
ing (at a speed that provides a medium 
tonal range), and the most optimistic 
have not forecast a decrease in this 
price of more than 50 per cent. 

Finally (and perhaps most important 
from a professional application view- 
point) when it comes to editing 
recorded material, the drawbacks of 
magnetic wire are just about as serious 
as for disk recordings. There just 
isn’t any simple way to do it. 
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Magnetic Tape 
Recorders 
in 
Broadcasting 


By 
Howard A. Chinn * 


Fig. 2. The Brush BK 401 Soundmirror 


A magnetic recorder and reproducer capable of 

14 hours’ continuous operation. Recordings may 

be made from the microphone provided, from a 

radio receiver or any other source of audio signals. 

The reels, which are 7 inches in diameter, accom- 

modate |,250 feet of |-inch wide paper-base magnetic 
tape. 


Magnetic Tape 

Recorders making use of a paper 
or plastic-base magnetic material, are 
inherently capable of overcoming 
practically all of the shortcomings of 
wire recorders. Magnetic tape re- 
corders, employing a steel tape at first 
and later both paper and plastic tapes 
coated with magnetic material, were 
first placed in regular broadcasting 
service in Europe. Prior to the war, 
steel tape recorders were used rather 
extensively both in Great Britain and 
on the Continent. Although some 
machines employing steel tape were 
manufactured in this country, they 
were never used to any extent except 
possibly for voice-training purposes. 
The drawbacks of the steel tape are 
similar to those of magnetic wire 
except there is no twisting of the tape, 
of course, and high-quality recording 
is practical, 

Although a _ paper-base magnetic 
tape was available in Germany during 
the war, an independent development 
programme was’ undertaken in 
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Magnetic tape having a paper or plastic base can be edited by adding or removing lengths as desired. 


Fig. | (a). A butt-joint splice is made by 
joining the two ends. 


Fig. | (b). The tots is sealed with scotch Fig. | (c). The scotch tape is trimmed to the 
a 


width of the recording tape. 


For professional applications a modified 8 mm. film splicer would be speedier. 


America under National Defence 
Research Committee contract. The 
objective, and the final result, was 
the development of a paper-base mag- 
netic material, having magnetic pro- 
perties equal to or better than the best 
available steel tape. This develop- 
ment was successfully completed just 
about the time the war ended. 


Advantages 


As contrasted with other forms of 
magnetic recording ‘naterial, a paper 
or plastic-base tape has many advan- 
tages, From a broadcasting viewpoint, 
perhaps the most important of these 
is the ability to cut and splice the tape. 
This provides an unexcelled oppor- 
tunity to broadcast material otherwise 
unacceptable. For example, during 
the 1946 New York State political 
conventions, CBS recorded the entire 
day- and night-long proceedings. 
Upon the completion of a day’s 
recording, the material was reviewed 
and the highlights of the meeting 
spliced together into one interesting 
fast-moving programme, Within the 
space of single programme periods, a 
radio audience was thus enabled to 
hear all the important speeches and 
transactions of the day. 

Inthe simplest form, splicing of mag- 
netic tape can be accomplished with a 
pair of scissors and a roll of scotch 
tape, Fig. 1. For more speedy splices, 
a modified 8-mm. film splicer is a 
great assistance. Of no small impor- 
tance, in connexion with splicing 
magnetic tape, is the fact that it is 
practically free of handling diffi- 
culties. A reel can be dropped to the 
floor or otherwise mishandled without 
fear of hopeless tangles of tape. 

The ease with which tape. may be 
handled also lends itself to rapid re- 
wind. For example, in a relatively 
simple type of recorder intended for 
home use, a rewind speed of approxi- 
mately 60 to 1 has been achieved. 


That is, a one-half hour recording can 
be rewound in about 30 seconds. 

For professional (broadcasting and 
motion picture) applications, where 
absolute-speed accuracy is a factor, 
several electronic and mechanical pos- 
sibilities immediately suggest them- 
selves for tape recording machines. 
For example, with plastic-base tape, 
consideration may be given to the 
use of perforations, as used for 8 mm, 
movies. A sprocket drive employing 
conventional arrangements can _ pro- 
vide exact synchronism, of course. 
These and other systems not requiring 
perforations lend themselves to 
accurate absolute speed operation. 

Just as with magnetic wire, tape 
may be used over and over again. As 
a matter of fact, it is for applications 
where a permanent record is not re- 
quired that magnetic recording is at 
its best from the economic viewpoint. 
On the other hand, the cost of paper- 
base tape promises to be sufficiently 
low so that it caz be given considera- 
tion for those applications where a 
recording is to be retained for a con- 
siderable length of time. Even though 
machines have not yet become avail- 
able on a widespread basis for utilis- 
ing paper tape, the cost of the material 
is already down to about one-fifth of 
magnetic wire costs—the comparison 
being made on the basis of a tape 
and a wire speed that results in com- 
parable quality. There is every 
reason to believe that.even lower costs 
can be expected for the paper tape. 

Cost considerations (together with 
others) will determine whether a paper 
or a plastic base should be used for a 
given application. One of the great 
advantages of a magnetic material is 
the aWfility to erase the recording, after 
it has served its purpose, and to re- 
use the recording medium. Tem- 
porary recordings of this type 
(particularly if they are likely to be 
subject to considerable editing by 


splicing) can perhaps be made most 
economically on a paper-base tape. 
As a matter of fact, even recordings 
that are to be kept for several years 
may well be made on a paper tape 
in order to keep the investment in 
tape at a minimum. 

On the other hand, for applications 
where the recordings are of a docu- 
mentary nature and are to be pre- 
served for an exceedingly long time, 
it may be advantageous to make use 
of a plastic-base tape. The cost of 
such tape will be greater than for a 
paper-base tape and the needs of the 
application in hand must justify the 
additional expense. 

Among the other factors that must 
be considered in selecting the type of 
tape is the matter of tape elongation 
or stretch, If no special means (timing 
marks, sprocket holes, etc.) are em- 
ployed for obtaining high absolute- 
speed accuracy, then the tape whose 
length is most stable with changes in 
temperature, humidity and time, will 


provide the best  absolute-speed 
accuracy, all other factors being 
equal. 
Magnetic ‘‘ Echoes ”’ 

One type of plastic tape was 


developed in Germany that, at first 
glance, seems to have many advan- 
tages. It consists of a plastic in 
which the magnetic material is im- 
pregnated—that is, uniformly dis- 
tributed throughout the - material. 
With a tape of this type the magnetic 
material is held with a better bond 
than when simply coated upon the 
surface of a carrier or base, 

It has been found, however, that 
tape of this type is subject to mag- 
netic ‘‘ leakage ’’ from layer to layer. 
This phenomenon is most readily 
detectable when a fully modulated 
signal is recorded on this type 
of tape with unrecorded tape 
immediately before and immediately 





afte! 
the 
reco 
ima} 
tape 
diat 
the 
cate 
aboy 
the 
dow 
as Cc 
Fou 
the 
nois 
inte 
mea 
coat 
man 
mea 
diat 
wea 
bac] 
laye 
the 
evic 
Mag 
A 
neti 
fact 
are 
to ¢ 
ava 
enti 
of 1 
alre 
rece 
the 
side 
indi 
feat 
Its 
thai 
mal 
pro: 
ava 
T 
and 
to 
The 
up 
bia: 
con 
ope 
and 
size 
uni 
mor 
Ht 
rew 
by 
aga 
mat 
mu: 
fore 
eras 
rect 
whe 





947 





| to the 


le most 
e tape. 
ordings 
1 years 
er tape 
nent in 


ications 
1 docu- 
De pre- 
p time, 
ike use 
cost of 
1 for a 
of the 
ify the 


t must 
ype of 
gation 
timing 
re em- 
solute- 
whose 
ges in 
e, will 
-speed 
being 


. was 
t first 
.dvan- 
tic in 
is im- 
dis- 
terial. 
gnetic 
bond 
n the 


, that 
mag- 
layer. 
eadily 
ulated 
type 
tape 
iately 





December, 1947 


after the recording. Upon spooling 
the tape in the usual manner, the 
recorded signal impresses a magnetic 
image of itself upon the layers of 
tape immediately above and imme- 
diately below the layer containing 
the signal. Measurements have indi- 
cated that in the layer immediately 
above and the one immediately below 
the original recording the ‘“ echo ”’ is 
down only about 20 db. in intensity 
as compared with the original signal. 
Four layers away, in both directions, 
the signal is just discernible in the 
noise background, but is too low in 
intensity to be measured by ordinary 
means. A similar test made with a 
coated paper-base tape of American 
manufacture did not result in any 
measurable echo, even on the imme- 
diately adjacent layer although a 
weak signal was discernible in the 
background noise of the adjacent 
layers. The second layer away from 
the original recording contained no 
evidence whatsoever of an echo. 
Magnetic Tape Recorder 

At the present time only one mag- 
netic tape recorder is being manu- 
factured in America although plans 
are being made by several companies 
to enter the field. The unit that is 
available, Fig, 2, was designed in its 
entirety after V-J day and, in spite 
of material procurement problems, is 
already in production, Although this 
recorder was primarily intended for 
the home-recorder market, it is of con- 
siderable interest to the broadcasting 
industry as a demonstration of the 
features of magnetic tape recording. 
Its performance capabilities are such 
that it may be used to advantage for 
many broadcast applications until 
professional-model recorders become 
available, 

The unit contains all the mechanical 
and electrical components necessary 
to make and reproduce recordings. 
These include amplifiers, drive, take- 
up and rewind motors, supersonic 
bias and erase generator, erase and 
combination record-playback head, 
operating controls and a_ playback 
and monitoring loudspeaker. The 
size and external appearance of the 
unit is similar to a convential table- 
model gramophone. 

The various operations of recording, 
rewinding and playback are controlled 
by push-buttons. In order to guard 
against accidental erasing of recorded 
material, two particular push-buttons 
must be depressed simultaneously be- 
fore a new recording can: be made (the 
erasing head immediately proceeds the 
recording head and is energised only 
when the controls are in the position). 
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A playback tone control is provided, 
together with separate volume controls 
for recording and for playback. A 
‘tuning ’’ eye-indicator tube is cen- 
trally located on the control panel 
and functions as a_ volume-level 
indicator when recordings are being 
made. 

The input circuit is of high impe- 
dance with one side earthed and is 
intended to work from the crystal 
microphone provided. This input 
may also be bridged across any other 
source of programme material if the 
level is within the range that can be 
handled, and provided the one side 
grounded circuit is not detrimental 
to the circuit being bridged, 

Fer broadcast applications it is 
often desirable to be able to bridge 
the recorder across the standard 150 
or 600-ohm circuit carrying  pro- 
gramme material at a level in the 
neighourhood of +10 vu. This can 
be readily accomplished by the addi- 
tion of a suitable bridging coil (20,000 
ohms to grid). 

The output of the playback and 
monitoring amplifier normally feeds 
the self-contained loudspeaker. Again, 
in broadcast service it is generally de- 


sirable to be able to feed a 150 or 
600-ohm line at a level around 
+10 vu. Provisions for doing this 


can be made by installing a suitable 
impedance matching coil (8 to 600/150 
ohms) and the usual line pad. 

The motor features of the recorder 
are well planned. There are three 
separate motors, one for the capstan- 
type tape drive, another for the take- 
up reel and a third for rewinding. 
The drive and the take-up motors are 
employed in thé same manner both 
when recording and when reproduc- 
ing. The drive motor operates 
through a rubber, rim-drive pulley to 
turn, at constant speed, a fly-wheel 
stabilised, cork-surfaced drive cap- 
stan. The take-up motor operates to 
maintain tape tension ahead of the 
capstan and runs at whatever speed 
the diameter of the tape on the take- 
up reel permits. Back tension is 
supplied by the drag in the magnetic 
heads and by light mechanical 
braking on the ‘rewind ’”’ motors 
which suffices to provide a smooth 
tape flow. For rewinding, only one 
motor is used and it rewinds the tape 
at the highest speed it is capable of 
reaching with the load placed upon 
it. As the end of the tape leaves the 
reel from which it is being rewound, 
braking voltage is automatically and 
immediately applied to the motor that 
is doing the rewinding. If, on the 
other hand, the ‘stop’ button is 
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operated during rewind (before all the 
tape is rewound), the braking voltage 
is applied to the take-up motor from 
which reel the tape is being rewound. 

This machine makes use of reels 
that are the same size as standard 
400-ft., 8 mm. motion-picture reels— 
in fact, such reels can be used on the 
machine without alteration (although 
they are not as convenient to use as 
the standard ones designed by the 
manufacturer of the recorder). The 
reels are 7 in. in diameter and hold 
sufficient tape for one-half hour of 
recording. The tape speed is approxi- 
mately 7} in. per second, so that a 
total of 1,250 ft, is required for a full 
half-hour’s recording (plus a few 
minutes extra for possible run-overs). 

The performance of the magnetic 
tape recorder that has been described, 
insofar as response-frequency charac- 
teristic, harmonic distortion and 
signal-to-noise are concerned, is not 
limited by the magnetic tape, but 
rather by economic considerations. In 
order to reach the home market many 
of the refinements that are desirable 
in a professional recorder have had to 
be omitted. In spite of this, the over- 
all performance is remarkably good. 
It can be most concisely summarised 
by stating that it is just about equiva- 
lent to the performance obtained on 
long Class A network circuits. 


Conclusion 


Magnetic tape recording and repro- 
ducing systems seem to be inherently 
capable of the highest fidelity required 
for any audio application. Con- 
sequently, when _professional-model 
portable and fixed machines become 
available, they will undoubtedly find 
widespread application in the broad- 
casting field. However, considerable 
design and development work will be 
required to achieve all the objectives 


desirable in the ‘‘ ultimate ’’ mag- 
netic tape recorder. Meanwhile, the 
machine that has been described 


represents a very good start and, 
until such time as a better unit be- 
comes available, it will be of con- 
siderable usefulness to the broad- 
caster. 

The scope of this article does not 
permit a discussion of the relative 
merits of magnetic tape and of disk 
recording. Suffice it to say, however, 
that each has its fundamental advan- 
tages. Consequently, it seems logical 
to conclude that each medium will find 
its own field and neither one is likely 
to predominate to the exclusion of the 
other. 


This article first appeared in ‘‘ Audio Engineering "’ 
(Radio Magazines Inc.), and is reproduced by 
permission of the author and publishers. 
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The Standardisation of Magnetic 
Recording 


MEETING was arranged by the 

B.B.C. in May last to bring together 

manufacturers interested in magnetic 
recording based on the German Magneto- 
phon system and to discuss the standardi- 
sation of tape and equipment suitable for 
high fidelity sound recording. 

The B.B.C. felt that as the Magneto- 
phon system was demonstrably capable of 
producing a high quality result, the adop- 
tion of Magnetephon standards would be 
advantageous as an immediate measure, 
but without prejudice to the adoption either 
of alternative standards for non-broad- 
casting purposes or of different standards 
for broadcasting purposes at a later date 
in the light of experience. 


The following items were then dis- 
cussed :— 
(1) Dimensions of the Tape 

Mr. Payne (E.M.1.) suggested — the 
width should be 0.245 in. + 0.005 in. 
The German tape width is 0.254 in. so 


that this tape would be a little narrower, 
but it was not considered that the differ- 
ence would be significant. The thickness 
suggested was 0.002 in. + 0.0001 in. 
These dimensions were accepted. 

The Germans specify, for a load of 250 
grams, a stretch falling between 1.08 per 
cent. and 1.27 per cent. This suggestion 
was adopted. 

(2) Magnetic Properties of the Tape 

This item caused considerable discussion 
but as nobody was in a position to specify 
the magnetic properties it was agreed that 
it was too early to standardise. It was 
considered that a variation of level between 
different tapes of + 3 db would be accept- 
able. 

(3) Alignment of Heads for Interchange- 
ability 

It was generally agreed that the align- 
ment of the gaps in the heads was critical 
and that the German méthods had not 
overcome the difficulty of interchange- 
ability. Mr. Payne said that it was his 
view that accuracies of +1 minute of 
are might, be essential, and it was the 
feeling of the meeting that they would 
be difficult to achieve except by setting to 
a standard tape. It was agreed that the 
B.B.C. should try to make a_ standard 
tape with a frequency of 10,000 
lengths of which should be supplied to 
interested parties. 

(4) Type and Dimensions of Spools 

It was considered that a centre boss 
with a single backing plate attached would 
be an improvement over the German type. 
This was agreed. E.M.I. suggested in- 
creasing the inside diameter to 4 in. as 
this would give an improvement in_per- 
formance as regards wow and this was 
considered to be acceptable. 

It was decided that the German standard 
of 21 minutes playing time was most suit- 
able but that the diameter of the backing 
plate should not exceed 114 in. 


c/s 


It was agreed that all machines made 
in Britain should be arranged to take 
German spools. 

(5) Speed of the Tape 

It was felt that 77 cms/sec. 
adopted for the time being. 

(6) Frequency Characteristic 

The B.B.C.’s suggestion that the over- 
all characteristic should be level within 
+2 db from 30 c/s to 10,000 c/s was 
agreed as a target. 

The meeting then went on to discuss :— 
(a) Maximum Permissible Distortion 

The B.B.C.’s view was that it is 
extremely difficult to specify distortion by 


should be 
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measurement alone and that the final test 
must therefore be based on aural assess- 
ment, using high quality programme with 
a good loudspeaker. The G.E.C. was 
worried about this aspect, but it was 
generally agreed to. Mr. Moir (B.T.H.) 
suggested that a target for distortion 
should be 2 per cent. with a maximum 
of 5 per cent., to be measured at several 
frequencies. This was agreed. 

(b) Speed Constancy 

It was agreed that the long period speed 
constancy should be + 3 per cent. and 
that instantaneous speed variation should 
be limited to + 0.1 per cent. 

The subject of re-winding was also 
raised and it was agreed that a re-winding 
time of about 24 minutes for a 21 minute 
spool would be acceptable. The latest 
German recorder gives a variable drive 
speed either forward or reverse which is 
very useful for editing. 





A New H.F. Broadcast Transmitter 


The Type CS.8 broadcast transmitter supplied to the B.B.C. by Messrs. Standard Telephones & Cables 
Ltd. has an output of 100-130 KW. and a frequency range of 6.1-21.8 Mc/s. 

Separate R.F. Channels for each working frequency enable rapid frequency changes to be made, and 
the apparatus not in service is readily accessible for maintenance. 


The overall efficiency is 29.8 per cent. at zero modulation and 31.5 per cent. at 90 per cent. modulation, 
the audio response being from 30 to 10,000 c/s within + 2db. Frequency stability within + 10 parts 
per million. The photograph shows the final R.F. amplifier stage. 
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OR many years metal bellows were made by a series of spin- 
ning or rolling operations, interspersed with annealing and 
subsequent pickling and washing. In 1925 the Clifford 
Manufacturing Co. of America developed a method of forming 
the bellows hydraulically in one piece, with a considerable 
economy in production and the added advantage that the process 


Siesta was “‘ self-inspecting,’’ as will be seen later, 
In the hydraulic process a thin tube of brass, bronze, or 
special alloy, from 0.004-0.007 in, thick, is inserted in a 
collapsible die and liquid at several hundred pounds per sq. in. 
is forced in to the tube. The internal pressure causes the metal 
a ee to flow transversely between the plates as the tube is collapsed 
made, and endwise to form the bellows in one operation (Fig. 1). Under 
this pressure, any imperfection in the metal will be shown up 
odulation, immediately and the bellows will be destroyed. Hence the 
decidua term ‘‘ self-inspecting.”’ 


The finished bellows is much the same as a coiled felical 
spring and follows the same laws, but with greater limitations. 
It more closely conforms to the compression type of spring, 
and all the ‘‘ stroke,’’ 7.e., movement from the unstressed 
length, should be on the compression side. 

For similar bellows, the stroke varies as the square of the 
outside diameter. 

Life 

The life of bellows in actual service is determined by the 
culminative effect of stresses from flexing and pressure. The 
most severe test condition involves a change of pressure from 
zero to a given figure with each flexure of the bellows. Two 
frequent causes of short life are corrosion and high frequency 
or shock in the application of pressures. Axial instability, 
where the length of the bellows is too great in proportion to the 
diameter, is also a frequent cause of failure. Under constant 
pressure of 40 per cent. of maximum and 50 per cent, of 
maximum stroke, an estimated figure for the life is 1,000,000 
cycles. Failures usually take the form of a circumferential 
crack, the hydraulically formed bellows being inherently free 
from seasonal cracking and failure from local wall thinning. 


Applications 

The advantage of the one-piece bellows is largely in that it 
provides a factor of safety against mechanical failure far in 
excess of that which could be expected of a diaphragm under 
similar conditions. Apart from the obvious use of bellows in 
translating liquid or gas pressure variations into movement, 
there is the less well-known one of acting as a gas- or liquid- 
tight seal on rotating shafts. 

Bellows formed from silver-clad brass possesses all the proper- 
ties of the internal metal and are corrosion-proof for use in 
exposed positions. 





‘ Acknowledgment 
Above: Metal bellows in comparison with the ree ‘ : 
tube from which it has been made. [his information was supplied by the Drayton Regulator and 
Top of page: Typical bellows assembly provid- Instrument Co., West Drayton, Middlesex, to whom inquiries 





ing pressure seal for a lever with limited 
angular travel. should be addressed. 
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A Photo-Electric Curve Follower 


For Reproducing Long Continuous Curves 
By M. J. TUCKER, B.Sc., and G. COLLINS* 


A photo-electric device has been made to produce an electric current proportional to the ordinate of a 
curve ; the varying current produced as the curve is moved mechanically along the abscissa is recorded 
with a galvanometer system to give a reproduction of the original curve to any desired scale. 


N the course of work at The 
[ sanivas Research Laboratory it 

is necessary to convert a number 
of line records of waves, ship move- 
ment and tides, into the black and 
white profile records required by the 
A.R.L. Harmonic Analyser.t’ It is 
difficult and tedious to do this by 
hand, especially when the amplitude 
or time scale has to be changed. The 
apparatus described is automatic, and 
by eliminating the human element 
enables more reliable and accurate 
reproduction to be obtained. It 
is expected that it will also be found 
useful for changing the amplitude 
and time scale of a record to facili- 
tate detailed comparison of record- 
ings made by different instruments. 

The method is believed to be 
simpler and more flexible than one 
described by Hazen, Jaeger and 
Brown in 1936,’ which follows pro- 
files only, and requires a more 
elaborate mechanical system. 

The device recently described by 
Mynall® gives a voltage proportional 
to the ordinate of a curve, but this 
curve has to be in the form of a 
specially prepared mask. The field 
of application of Mynall’s instrument 
is different from that described below. 


Method of Following 


For the purpose of this description 
it is assumed that the record to be 
converted consists of a black line on 
a plain white background. A rect- 
angle of light is projected on to the 
record via a galvanometer mirror, the 
rectangle consisting of two slightly 
overlapping light patches which are 
interrupted at frequencies of 500 and 
750 cycles per second respectively. 


The intensity distribution is not 
uniform, being dependent on the 
‘chopping’? mechanism, and _is 
shown qualitatively in Fig. 1. When 


the instrument is in operation, the 





* Admiralty Research Laboratory. 


+ These profile records are normally recorded by 
projecting a line of light on to photographic paper 
via a galvanometer mirror. The paper is moved 
slowly in a direction perpendicular to the line, and 
the galvanometer moves the line in a direction along 
its length. The developed record is thus a black and 
white profile. 
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Fig. |. Intensity distribution of chopped light. 


two overlapping patches of light 
arrange themselves symmetrically 
about the black line of the record. 

This automatic arrangement is 
achieved by receiving the light 
scattered from the record on a photo- 
cell unit, whose output is amplified 
and fed into resonant circuits which 
separate the 500 c/s. and 750 C/s. 
signals. These signals are rectified 
and then combined in opposition to 
give a.direct current which is a 
measure of the difference between the 
amounts of each type of light 
scattered from the record. When the 
rectangle of light, :eflected from a 
galvanometer mirror, is centred about 
the black line of the record, there is 
no out-of-balance current, but if the 
line moves to the left or right, more 
of one type of light is reflected, and 
less of the other, and a current is 
obtained which is fed into the 
galvanometer carrying the reflecting 
mirror in such a way that the two 
beams are turned to re-centre the 
patches about the black line. The 
current passing through the galvano- 
meter is proportional to the displace- 
ment of the line from the original 
position, so long as the changes are 
sufficiently slow for the galvanometer 
to remain effectively in a steady state : 
this .is not a serious limitation. 

As the record is moved past the 
optical system, the two patches of 
light move sideways following the 


line, and the variations in current are 
proportional to the varying ordinate 
of the curve. It is clear that the 
argument holds for oblique lines, and 
the instrument will follow lines of 
very steep slope. , 

The reproduction is obtained by 
placing the galvanometer of a stan- 
dard recording system in series with 
the galvanometer used for following 
the line. 


The Light Chopping Mechanism 


The two beams, interrupted 500 
and 750 times a second, are obtained 
by passing one beam through two 
rows of holes drilled round the edge 
of a 6-in, diameter: disk mounted on 
the shaft of a synchronous or induc- 
tion motor rotating 50 times a second. 
The arrangement is shown in Fig. 2. 
The outer row consists of 15 holes, 
giving 750 transmissions per second. 
The inner row consists of 10 
pairs of holes, each pair acting as a 
widened hole giving more illumina- 
tion but still producing a_funda- 
mental frequency of 500 cycles per 
second. The greater amplitude of 
light at the lower frequency compen- 
sates for the lower sensitivity of 
the corresponding discriminator, The 
light passes through a slit behind the 
disk and this slit is imaged on 
the record by a lens in front of the 
galvanometer mirror. The orbits of 
the two sets of holes are slightly over- 
lapping, producing the desired form 
of light distribution. 

The frequencies of 500 c/s. and 
750 c/s. were chosen as they were 
considered to be the optimum in view 
of the various factors involved, such 
as ease of mechanical construction 
and of electrical discrimination. The 
harmonics of both frequencies are 
present, but they have no appreciable 
effect on the discriminators. 


Electronic Circuit 
The circuit diagram is shown in 
Fig. 3. The two-valve common 


amplifier is supplied with delayed 
automatic gain control from the out- 
put of one of the discriminators to 
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CIRCUIT DIAGRAM OF CURVE FOLLOWER (Fig. 3) 
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GALVANOMETER UNIT 
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LIST OF COMPONENT VALUES 


The values of components given are suitable for use with a galvanometer similar to that described in the text. If a galvanometer with different 
characteristics is to be used, components C,;, C,, and L; may have to be altered : the most critical characteristic is the resonant frequency of 
the galvanometer. 


ry 
16 ei 
se fe 
Rig. 
R,, 68,000 2 
Ry» 33,000 2 


Ry, 33,000 2 
Rye 220 Q 
Rog 220 Q 
Ry 47M Q 
R,; 47M Q 
Rog 4,700 2 
Re, 2.2M Q 


777 
uooo 
= ace oe 
oReneone) 


Ro, 2.2M 2 C, 2yF 
Ro, 10,000 2 C, .00I uF 
R39 20,000 2 C; .00I uF 
Rs, 20,000 Q C, .002uF 
Rp 1,000 2 C; 10uF 
R33 1.0M Q 6 2pF 
Rg, 2.2M Q C, .00luF 
R,; 10,000 Q C, .005uF 
Rg 1,000 2 Cy .OluF 
Cio 2.0uF 
C,, .02uF 
Cy. OS uF* 
C,, [F* 
Cy, Ol uF 


Cy; OluF V, 

Cig O2F Ve 

yy |.OuF V5 

Cis 4uF Ve 

Cyy 1,000uF V; 
Ve 
V, 
Vs 
Vy 

L, IH 

L, IH 

L, 0.75H 


* These condensers are to be adjusted till the tuned circuits resonate at 750 c.p.s. and 500 c.p.s. respectively. 











keep the peak output voltage of this 
discriminator within narrow limits, 
provided that the output of the photo- 
cell unit at the appropriate frequency 
is not less than about 2 mV R.M.S. 
This keeps the discriminator-rectifier 
system operating under the optimum 
amplitude conditions, and keeps the 
overall sensitivity constant: the 
instrument is otherwise rather sensi- 
tive to changes in the optical efficiency 
due to changes in such factors as the 
position of the patch of light relative 
to the pick-up photo-cells. 

High Q discriminator circuits are 
not necessary, nor are they desirable, 
since they would make the system 
depend critically on the speed of the 
chopper disk :-Q values of about 10 
are used. The outputs of the dis- 
criminator circuits are initially 
balanced by means of a preset gain 
control on one of them. A switch 
alters the gain of the other so as to 
bias the output one way or the other. 
This makes it possible to use the 
instrument when it is necessary to 
follow the boundary between the black 
and white on a profile record (see '); 
one of the light beams remains on 
the white portion of the record and 
acts as a reference, while the other 
remains just sufficiently over the 
black to offset the bias. The rect- 
angle of light will thus follow the 
profile. The leads to the reflecting 
galvanometer must be reversed for 
this application. 


Stability 

The displacement of the rectangle 
of light on the record caused by a 
movement of the galvanometer mirror 
through a fraction of a_ degree, 
generates sufficient out-of-balance 
current to move the ‘galvanometer 
mirror hundreds of degrees, the gain 
round the feedback path thus being 
of the order of 50 db, At low fre- 
quencies this is negative feedback, 
i.e., a phase shift of 7. However, if 
at any frequency there is a further 
phase shift of + 7, there will be a 
strong tendency for oscillations to be 
set up, the necessary conditions for 
oscillation being that at some fre- 
quency there is a phase shift of o or 
2 7, and that the gain round the feed- 
back path at this frequency is greater 
than unity, 

Now consider the equivalent circuit 
of a galvanometer, shown in Fig. 4. 
Here the current through the induc- 
tance represents the angular deflec- 
tion of the coil, and: 

G =restoring couple per unit 

angular deflection, 
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Fig. 2. Photograph of motor-driven light chopper. 
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Fig. 4. Equivalent circuit of galvanometer. 


7y = resisting couple per _ unit 

angular velocity of the coil. 
= moment of inertia of the coil. 
a factor depending on the area 
of, and the number of turns 
on the coil, and also the flux 
density, 

It will be seen that, at frequencies 
above resonance, the phase shift in 
the galvanometer tends to — 7, and 
this, together with the inherent phase 
shift in the discriminator and smooth- 
ing circuits, gives the zero phase shift 
condition at a frequency not very far 
above resonance. Thus, the neces- 
sary conditions for oscillation are 
fulfilled, and unless preventive 
measures are taken, the instrument 
will set up strong oscillations. 

Considerable difficulty was ex- 
perienced in overcoming this trouble, 
but the arrangement shown has proved 
satisfactory. The large shunting con- 
denser Cx, gives a phase lag of about 


oe 
i} 


7/2 at the frequencies concerned, but 


a compensating phase advance is pro- 
duced by the resonant circuit in the 
galvanometer unit, as the resonant 
frequency of this circuit is below that 


of the galvanometer. The zero phase- 
shift frequency is thus left well above 
the galvanometer resonance, and the 
attenuation produced by the condenser 
Cx, added to that of the galvanometer, 
is sufficient to prevent oscillation. 

It is important that a_ highly 
damped galvanometer be used: the 
one utilised in the apparatus described 
has a resonant frequency of g c/s. and 
is far more than critically damped. 

Care must be taken that there is no 
condition of zero phase shift below 
resonance, which is possible as there 
are three phase lagging components 
at low frequencies, 

The argument assumes that the 
galvanometer coil resistance is high 
compared with the impedance of the 
galvanometer resonant circuit. This 
is probably true, owing to the high 
degree of damping and the resultant 
low value of #. It is apparent that 
from several points of view it is 
advantageous to have a_ galvano- 
meter of the highest possible frequency 
compatible with adequate sensitivity 
and a reasonably large mirror. The 
galvanometer used was specially con- 
structed to be suitable for this 
application, 


Discussion 

The instrument cannot normally be 
used with graduated paper, on which 
other lines cross the record. This 
limitation is serious, but, it should be 
possible to circumvent it in certain 
cases. For instance, a blue line on 
red graduations should allow satis- 
factory operation as the caesium-silver 
photo-cells used are only sensitive to 
red and near infra-red. A_ suitable 


(Continued on p. 403) 
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Stable Frequency 
Short Wave 
Diathermy 


An Experimental Design for 
I|-Metre Operation 


By R. BRENNAND, 
Assoc. I.R.E.* 





HE increasing use of radio 
W[Mirequency energy in physical 

medicine necessitates careful 
attention to the problem of inter- 
ference with Telecommunications, 
Radar and Television services. 


Apparatus used for short wave 
diathermy emits powerful radiations 
on a number of frequencies ranging 
from about 7 to 50 Mc/s. The radia- 
tions from a_ typical diathermy 
apparatus occupy a very wide channei 
since the circuit is usually of the 
self-rectifying oscillator type coupled 
to a load consisting of the patient. 
The oscillation is 100 per cent. 
amplitude modulated at the supply 
frequency, and also frequency modu- 
lated due to the inherently low 
stability of such circuits. Harmonic 
radiation is serious and the channel 
width occupied is _ proportionately 
greater at multiples of the funda- 
mental frequency. A circuit of a 
typical 6-metre diathermy apparatus 
is given in Fig. 1. The tuning indi- 
cator may be a neon, pea-lamp or 
R.F. ammeter. Owing to the wide 
variations of loading presented by 
the patient, it is often necessary to 
provide range switching or variabie 
coupling for the tuning indicator. 

During the war the use of dia- 
thermy apparatus was _ prohibited 
unless the equipment and applicators 
were enclosed in an efficient screened 
cubicle. Unfortunately this practice 
greatly limits the clinical utility of 
short wave inasmuch as cases unfit 
to be moved from a ward or bed 
cannot be treated. At the direction 





* Technical Repair & Development Section, R.A.F., 
Chessington. 








R.F. Unit R.F, Unit 
Pi2.* 35 <— Hil. 
Power Power 
Unit P.I. Unit P.2. 
> < 
Fig. 2. Rear view of apparatus. 
of the Director General of Medical is mounted in this panel. A pilot 


Services of the Royal Air Force, 
experimental work was carried out to 
produce a suitable apparatus that 
could be operated without recourse to 
a screened room, and which could 
be operated easily by non-technical 
personnel. Two prototypes were 
designed and produced, .one a port- 
able model with a maximum power 
output of some 100 watts, the other, 
a larger department model delivering 
some 500 watts output. The former 
will be described here. Quartz 
crystal frequency control and an 
electronic tuning indicator are fea- 
tures of both types. 


The equipment comprises four units 
housed in a steel cabinet approxi- 
mately 15} in. high, 182 in. wide and 
82 in. deep, finished in black crystal- 
line lacquer. Reference to Fig. 2 
will identify the various units. 

1. Pr Panel. This unit provides 
H.T. for the power amplifier, driver 
valves, and the electronic tuning 
indicator. A single mains 
former provides the A.C. input for 
both supplies, VU72 mercury vapour 
rectifiers being used for the 750-volt 
p.A. anode supply and a 5Z4G for the 
400-volt output. A DLSio is used to 
afford delay protection for the recti- 
fiers and is connected in series with 
the output. A neon indicator shows 
when the delay has closed and indi- 
cates to the operator that the patient 
switch S, may be closed, applying 
screen voltage to the power amplifier, 

2. P2 Panel. This unit provides 
smoothing for both H.T. supplies and 
also carries the voltage dividers for 
the 4oo-volt supply. The hour meter 


trans- 


lamp operated by one pair of con- 
tacts in S, shows when screen volts 
are applied to the power amplifier. 
This is the “‘ patient on ’’? lamp. 

3. H1 Panel. This panel pro- 
vides the R.F. output which is fed via 
a 80-ohm coaxial cable to the H2 
panel. Five valves are used. Their 
functions are as follows: 

Vi. Type VT75 crystal oscillator- 
doubler. 

V2. Type VT75 frequency-doubler. 


V3. Type VT60 Class C power 
amplifiers. 
V4. Type VT60 Class C power 


amplifiers. 

Vs. Type VI103 long grid base 
electronic tuning indicator. 

Vi is operated at an extremely low 
power level resulting in excellent 
frequency stability. The crystal is 
enclosed in an aluminium shield to 
reduce thermal drift. V5 in con. 
junction with VRo2 television diode 
on Hz2 panel, provides easy and 
accurate tuning of the patient circuit 
on all types of treatment. Power 
output is controlled by varying the 
screen voltage of the power amplifier. 
Meter jacks enable the cathode cur- 
rent of the first four valves to be 
checked without removing the back of 
the apparatus, and a panel meter in 
the cathode return of V3 and V4 
facilitates P.A. anode circuit tuning. 

4. H2 Panel. This panel com- 
prises the patient tuning circuit, the 
P.A. screen voltage control and a 
type VRog2 diode providing control 
voltage for the tuning indicator. The 
R.F, unit follows conventional trans- 
mitter practice, a push-pull power 
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Fig. | (above). Circuit diagram of 6-metre 
diathermy set. 
HM — Hour meter. 
M —R.F. Indicator. 
Vv — Filament Voltmeter. 
Ri — Output Control. 
Cl — Patient Tuning. 


. 3 (below). Circuit diagram of R.F. Unit HI. 











Fig. 4 (right). R.F. Unit 
H2. 


Fig. 5 (below). View from 
above of R.F. units. 
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amplifier and link coupled output 
being used to reduce harmonic radia- 
tion. 

Construction. Aluminium is used 
in the construction of all four chassis. 
All components are very generously 
rated to ensure trouble free opera- 
tion, and the units are easily removed 
for servicing and_ inspection, inter- 
connexion between units being by 
plug and socket. 

Safety Arrangements. All exposed 
metalwork is earthed. All circuits 
are adequately fused for overload 
protection. An earthed coaxial cable 
for feeding the patient circuit elimin- 
ates the possibility of D.c. appearing 
on the patient terminals in the event 
of insulation breakdown. The reser- 
voir condensers of both H.T, supplies 
are discharged by bleeder resistors 
when the equipment is switched off. 

Operation. No difficulty has been 
experienced by physiotherapists in 
the use of this apparatus since there 
are only two tuning controls and one 
of these, the power amplifier tank 
circuit, requires only slight adjust- 
ment for varying patient loads. On 
switching on, the neon indicator P 
lights after a delay of some thirty 
seconds. The “ patient switch ”’ S, is 
then closed applying screen voltage 
to the power amplifier. The anode 
tuning control is set to give minimum 
cathode current on the panel meter 
and the patient tuning control is then 
adjusted for minimum shadow on the 
indicator. 

Conclusion, The apparatus has 
been used with good results in the 
treatment of stiff knees following 
fractures of the femur and excision of 
the patella, and also for stiff ankles 
after fractures of the tibia and fibula. 
Technique is similar in each case, a 
small size rubber-cased electrode 
being strapped to each side of the 
joint, with suitable spacing. In the 
treatment of boils and _ carbuncles 
excellent results have been obtained, 
treatment being given twice daily for 
ten minutes. Several cases of acute 
intercostal neuritis have been treated 
with this apparatus, and in each case 
the patient has been in bed. Great 
relief was experienced after the treat- 
ment which was carried out for ten 
minutes, three times daily. 


The author would like to express 
his thanks to the Air Ministry for 
permission to publish this article and 
the Radio Department, G.P.O., for 


helpful co-operation in arranging 
tests on the original high-power 
model. 
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NOTES FROM THE INDUSTRY 


Silvered Mica Condensers 
An imposing catalogue produced 
by Herbert Fitch and Co., Ltd., for 
The London Electrical Manufactur- 


ing Co., Ltd., 459, Fulham Road, 
London, S.W.10, gives details of 
their range of silvered mica _ con- 


densers. The catalogue is available 
to radio and electronic manufacturers 
only. 


Electrical Unit Changes 


The Bureau of Standards (U.S.A.) 
announces that the electrical units of 
the ‘‘ international ’’ system will be 
superseded by those of the ‘‘absolute”’ 
system derived from the fundamental 
mechanical units of length, mass and 
time on January 1, 1948 


The changes will not be great 
enough to be noticeable in most 
practical measurements, but will 
effect those of high precision. The 


new values are: 

1 international ohm—1.000495 abso- 
lute ohms 

1 international volt—1.00033 abso- 
lute volts 

1 international ampere—o.g99835 
absolute ampere , 

1 international coulomb—o.g999835 
absolute coulomb 


1 international henry — 1.000495 
absolute henries 
1 international farad — 0.999505 


absolute farad 

1 international watt—1.000165 abso- 
lute watts 

1 international 
absolute joules. 

New units for the measurement of 
light will be introduced at the same 
time, 


joule — 1.000165 


Mullard Valve Wall Catalogue 


The Mullard Wireless Service wall 
catalogue of valve data is again 
available, the new edition giving 
details of their most recent valves and 
cathode-ray tubes, 


Invicta Television Receiver Type TL2I. 


Invicta Radio, Ltd., announce that 
the price of this receiver is £55, plus 
£18 15s, 5d. purchase tax. 


Price Correction 


In the advertisement for Webbs’ 
Radio on the back page of the 
November issue, the price of item 
No, 17 was incorrectly given as 


138. 6d. This should be £3 3s. 


Amateur Radio Exhibition 
Competition 


Messrs, Stratton & Co., manufac- 
turers of ‘‘ Eddystone ’’ components 
and communication receivers  an- 
nounce a competition for amateurs, 
radio and short-wave listeners, 

An ‘ Eddystone ’’ 640 Communica- 
tions Receiver will be presented to the 
writer of the best article on one of 
the three following subjects : 

1. How do you visualise the appli- 
cation of the new microwave 
channels shortly to be allocated to 
radio amateurs ? 

2. It is evident that Band Plan- 
ning will be essential if the most 
is to be made of the Amateur Bands. 
What proposals have you to make 
in this connexion? 

3. What are your views on the rela- 
tive merits of British and American 
Communications equipment ? 


Further particulars can be obtained 


at the Amateur Radio Exhibition, 
or from Messrs. Stratton & Co., 
Alvechurch Road, West Heath, 


Birmingham, 31. 


Wayne-Kerr Laboratories Ltd. 

Wayne-Kerr Laboratories, jLtd., 
regret that the price of their Radio 
Frequency Bridge, Type B.6o01, has 
now been increased by 15 per cent. 


Johnson & Phillips, Ltd. 


Permanent magnetic loudspeakers 
are covered in publication IDz2 issued 
by Johnson and Phillips Limited, 
Charlton, London,  S.E.7. Their 
publication ID1 deals with their 
instruments for the electrical indus- 
try, and publication JBUz2 covers 
terminal, link and dividing boxes. 





A Photo-Electric Curve Follower 
(Continued from p. 400) 
colour-filter might be incorporated if 
necessary. As a final resort the record 
may be traced on to plain paper; this 
is easier and more accurate than 
following a moving curve by hand. 
The instrument satisfactorily per- 
forms the functions for which it was 


designed, and should have other 
applications, 
This account is published by 


permission of the Admiralty. 


References 
1 Nature, Vol. 158, p. 329, Sept. 1946. 
* Rev. Sci. Insts. Vol. 7., p. 353, 1936. 
3 Electronic Engg. Aug. 1947, p. 262. 
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Television Primer of 


Production and Direction 

Louis A. Sposa, (McGraw-Hill 17s. 6d. 

‘* Everyone concerned with television, 
from the transmitter manufacturer to the 
purchaser of an_ inexpensive receiver, 
should know and understand television as 
it is; not as a glamourised, furbelowed, 
distorted fantasy, but simply as a medium 
of electronic circuits, ideas, entertainment, 
and service.’’ Thus the preface to the 
above book, which sets out to explain the 
ins-and-outs of putting on a show, from 
using the television camera properly and 
writing scripts, through make-up and 
costuming, to preparing ‘‘ commercials ’’— 
those persuasive little compilations which 
used to hammer the ears of the housewife 
for many hours each day before the war 
from the continent. 

Although concerned exclusively with tele- 
vision as practised in America, much of 
the information given is of universal 
application. The book opens with a 
description of an American television 
studio, followed by a brief semi-technical 
account of how television ‘‘ works.’’ A 
few more pages might well have been 
devoted to this section; the reader is 
abruptly confronted with the electron with- 
out any explanation of what it really is, 
and if scanning coils are to be mentioned 
it is surely desirable to explain in simple 
language their function. An account of 
the new image-orthicon camera, which in 
the words of one transatlantic funster 
** will pick up a picture at 1,000 paces by 
the light of a lighted cigar ’’ suffers 
similarly from insufiicient clarity for the 
uninitiated. 

However, the bulk of the book is con- 
cerned with matters of production. Here 
the author is more explicit, and the 
aspiring television producer will gain a use- 
ful impression of American production 
technique. (It is interesting, by the way, 
to learn that American television scenery 
is painted in black, white and varying 
tones of grey. This monotone colouring 
has a depressing effect on the actors, and 
has long since been abandoned in_ this 
country, where pastel colours are used 
exclusively.) 

Colour plays an important part in 
costuming for television. At a_ recent 
B.B.C. television rehearsal employing 
three cameras, the red dress worn by an 
actress appeared as white, grey and black 
in successive shots, owing to the varying 
red-sensitivity of the cameras used, and a 
blue dress had to be substituted. 

‘The book devotes considerable space to 
the subject of script-writing—presumably 
because this is the most likely line of 
approach for the amateur aspirant. The 
examples given achieve their object well 
in that they illustrate technical terms, 
camera tricks, and layout, but the subject 
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BOOK 


matter (they are scripts which have 
actually been televised in America) is crude 
in the extreme by British standards. Even 
the most vociferous advocate of sponsored 
radio in England would blanch at the 
banality of some of the commercial tit- 
bits quoted, while the script of the drama 
‘* The Singapore Spider ’’ reads more like 
the effort of some village amateur play- 
wright than professional fare broadcast by 
a station of the standing of W.O.R, 

As a matter of fact aspiring script 
writers should not attempt to write a full 
shooting script. The employment of 
cameras, use of trick shots and grouping of 
actors is the producer’s job, and is best 
left in his expert hands. He will take it 
in any ‘case! 

In a well-written chapter on the future 
of television the author discusses the use 
of colour, and owners of existing receivers, 
in America at any rate, will be encouraged 
to learn that these will not become obsolete 
with the advent of colour transmissions, 
but can be adapted by means of an easily- 
installed converter. 

An appendix contains the text of the 
rules governing television issued by the 
Federal Communications Commission, 
which will be of interest chiefly to 
American readers, and a glossary of tele- 
vision terms, the majority of which are 
the same as those used in this country. 

The book is profusely illustrated with 
well-chosen photographs and diagrams, 
including a map of the coaxial cable net- 
work now being installed throught the 
United States. 

Haroitp Cox 


Mechanical Measurements by 
Electrical Methods 


Howard C. Roberts, (Instruments Publish,’ 


ing Co. Inc., Pittsburgh, 1946) x + 357 pp.- 
254 figs., price in Gt. Britain 18s. approx. 


This is a book on methods of electric 
gauging and brings together in one small 
volume a wealth of information from many 
sources. It has previously been published 
in serial form in the American journal 
INSTRUMENTS. The author is particularly 
fitted to have undertaken this task as for 
the last fifteen years he has been engaged 
on vibration studies and the application of 
electrical gauging methods to geophysics, 
railways, industrial processes and _ civil 
engineering. 

After a short discussion of general prin- 
ciples, the book considers in order; 
capacitance gauges, inductance gauges, 
resistance gauges; photo-electric, piezo- 
electric, thermo-electric, acoustic and 
other gauges and then proceeds to treat 
of the various circuits in which they are 
employed. All this comprises Part 1— 
Principles of Operation. The second part 
deals with actual equipment, mentioning 
some particular manufacturers’ apparatus 
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REVIEWS 


but dealing not so much with makes than 
with types. Calibrating devices, oscillo- 
graphs, power supplies, amplifiers and 
computing devices form the bulk of this 
section. A very comprehensive fourteen 
page bibliography is especially well 
arranged and classified and includes a note 
of the text pages where individual refer- 
ences are mentioned. 

In general, the author has avoided 
theoretical discussion and mathematical 
theory, although in a few instances, such 
as in the chapters on bridges and potentio- 
meters the basic theory has been mentioned, 
and indeed, these chapters alone are worth 
reading as a condensed introduction to D.c. 
and a.c, bridge and potentiometer networks 
and their applications. It is almost im- 
possible to indicate the wide range of topics 
dovetailed into the chapters of this book. 
The obvious ones of course; vibration 
measurements, strain gauges, thickness 
meters, flaw detectors, are all mentioned 
and many others not so obvious; X-ray 
diffraction methods, cloud-height recorders, 
gamma-ray measurements, recording 
magnetometers, special circuit tricks; 
these and many others are also described. 
In short, the book can be highly recom- 
mended as a reference volume to all who 
have occasion to use electric (or electronic) 
methods of physical measurements and will 
be particularly valuable to civil engineers, 
aeronautical experts, mechanical engineers, 
geophysicists and others who may want to 
use such methods but who do not have 
the daily contact of the electronic specialist. 

A minor disappointment of the book, is 
its mediocre printing, general format, and 
binding. This is unusual in an American 
book, the more so as its price really lifts 
it out of the cheap category but it should 
not prove any deterrent to the would-be 
user. Even at a much higher price this 
book would still be worth buying. 


E. D. Fart. 


Television. To-day 
Roy H. Norris 
244 pp. 278 figs. II plates. (Rockliff 
Publishing Corpn. 2!Is. net.) 


In this latest book on television the 
author has endeavoured to cater both for 
the layman and the trained engineer, with 
the result that in many cases his descrip- 


tions and explanations become either 
extremely simplified or unnecessarily in- 
volved without being convincing. The 


book will undoubtedly appeal most to the 
person who already has some knowledge 
of radio or television, and who wishes to 
bring himself up to date, both as regards 
the present day system and the problems 
involved. 

Chapters I and II deal with the funda- 
mentals, together with an introduction to 
radio propagation, modulation and finally 
bandwidth. There is also a very good 
description of Baird’s early apparatus, 


Electronic Engineering 


Chapter III is particularly informative 
and deals with scanning and cathode ray 
tubes. 

Chapter IV introduces the more prac- 
tical aspects of scanning including inter- 
lacing. This is followed by a section on 
time bases and synchronising. 

There appears to be a slight error on 
page 87, where in a description of a com- 
bined double diode triode circuit the A.v.c. 
load resistor R5 is mentioned as assisting 
in bypassing of H.F. currents from the 
sound load resistor Rq4 + R1, this is 
doubtless a printer’s error. 

One of the best published descriptions 
of the waveforms of the British and 
American television systems is given in 
chapter VI. 

There is, however, one point on which 
the author appears to be confused. In 
calculating the bandwidth necessary for 


the Alexandra Palace transmissions a 
figure of 2.56 Mc/s. is arrived at, 


(405° x 4/5 x 25), 


whereas the actual 





2 
bandwidth of the transmitter is 2.75 
Mc/s. The author explains this difference 
by stating that the first figure does not 
allow for time lost during frame and line 
flybacks. This is manifestly incorrect 
since the times of the line and frame 
flyback are included in the above formula 
where the number’ of _ lines is 
given as 405. In practice the num- 
ber of lines seen on a picture is 385, 
the other 20 being blacked out during the 
frame flyback period, similarly, the num- 
ber of elements along the line based on 
the above formula is 405 x 5/4 _ less 
approximately 1o per cent. for line flyback 
time. 

The more correct explanation of the 
difference between the calculated figure of 
2.56 Mc/s. and the actual figure of 2.75 
Mc/s. is merely that the formula assumes 
equal definition in the horizontal and 
vertical directions, whereas in fact, there 
is no limitation except spot size to the 
definition in the horizontal direction, there- 
fore any increase in bandwidth will im- 
prove this definition. 

On page 111, the bandwidth of the sound 
transmitter is given as 20 Ke/s. overall, 
whereas on page 175 it is stated that 
audio frequencies up to 15 Kec/s., are 
transmitted. The latter figure is more 
correct, the actual bandwidth being in 
excess of 30 Kc/s. overall. 

A very good description of large screen 
television is also given as well as the 
problems of colour and stereoscopy, while 
a chapter is devoted to a description of 
the Alexandra Palace transmitter. 

The book is finally concluded with a 
section dealing with adjustments necessary 
in a receiver as well as the types of faults 
frequently found. 

W. I. Fracu 


405 








TELEPHONE : 
EUSTON 4282 (5 lines) 





Books on all branches of RADIO 
and ELECTRICAL ENGINEERING 
A good selection always available. Books 
reviewed or mentioned in this Journal can be 
supplied. If not in stock, they will be obtained 
from the Publishers when available. 
Continental and American (except 
German) works unobtainable in this country 
can be secured, under Board of Trade Licence. 
SECOND-HAND BOOKS: 140 
Gower Street, W.C.1. 
Large stock always available, Books sought 
for and reported free of charge. Large or 
small collections bought. 


LENDING LIBRARY 
SCIENTIFIC AND TECHNICAL 


Annual Subscription from One Guinea 
Prospectus post free on request. 
Bi-monthly List of New Books and New Edi- 

tions post free to subscribers regularly. 
THE LIBRARY CATALOGUE 
revised to December 1943, containing 
Classified Index of Authors and Subjects. 
Demy 8vo. Pp. viii + 928. 

To subscribers, 12s. 6d. net 

To non-subscribers, 25s. net } Postage 8d. 
SUPPLEMENT, 1944 to December 
1946. Demy 8vo.' Pp. viii + 168. 

To subscribers, 2s. 6d. net 

To non-subscribers, 5s. net } Postage 4d. 











H. K. LEWIS & Co. Ltd. 


LONDON : 136 GOWER STREET, W.C.1 

















JUST PUBLISHED 


RADIO 
ENGINEERING 


VOLUME ONE 
By E. K. SANDEMAN, Ph.D., B.Sc., 
A.C.G.1., M.LE.E. 


Ministry of Supply, late of 
Engineering Division, B.B.C. 





Demy 8vo. 775 pages profusely illustrated. 
5s. net. 


FREQUENCY 
MODULATION 
ENGINEERING 


By C. E. TIBBS, A.M.LE.E., 
A.M.Brit., LR.E. 


Foreword by 
L. H. BEDFORD, O.B.E., M.A. 


Demy 8vo. 310 pages. 172 figures. 28s. net. 


Postage extra 





CHAPMAN & HALL, LTD. 














37-39 Essex Street, London, W.C.2. 




















406 


Electronic Engineering 





December, 1947 


DECEMBER MEETINGS 


Institution of Electrical Engineers 


All meetings of the London Section 
will be held at The Institution of 
Electrical Engineers, Savoy Place, 
Victoria Embankment, London, W.C.2. 


Ordinary Meeting 


Date: December 4. Time: 5.30 p.m. 
Lecture: ‘* Speech Communication under 
Conditions of Deafness or Loud Noise.”’ 


By: W. G. Radley, C.B.E., Ph.D.(Eng.). 
Note: This is a joint meeting with the 
Physical Society. 
Radio Section 


Date: December 3. Time: 5.30 p.m. 


Lecture: ‘“‘ The Design and Operation of 


High-Power Broadcast Transmitter 
Units with their Outputs Combined in 
Parallel.” 

By: T. C. Macnamara, A. B. Howe, 
M.Sc., and P. A. T, Bevan, B.Sc. 


Time: 5.30 p.m. 
Recording 


Date : December 9. 

Lecture: ‘* Commercial Disc 
and Processing.’’ 

By: B. E. G. Mittell. 

The Secretary: I. E. E., 
London, W.C.2. 


Savoy Place, 


Cambridge and District Group 
Date: December 2. Time: 6 p.m. 
Held at: Cambridgeshire Technical Col- 
lege (Room 301). 
Lecture: ‘* Industrial 
Electronic Techniques.”’ 
By: H. A. Thomas, D.Sc. 


Date: December 16. 
Held at: Cavendish 
School Lane. 
Lecture: ‘‘ New 
Transmission.’”’ 

By: D. Gabor, Dr. Ing. 

Secretary: J. E. Curran, M.Eng., Univer- 
sity of Engineering, Trumpington Street, 
Cambridge. 


Applications of 


Time: 8.15 p.m. 
Laboratory, Free 


Possibilities in Speech 


North-Western Measurements Group 
Date: December 16. Time: 6 p.m. 
Held at: Engineers Club, Albert Square, 
Manchester. 
Lecture: ‘‘ The Design -and Construction 
of a New Electron Microscope.”’ 
By: M. E. Haine, B.Sc. 


Hon. Secretary: A. L. Green, 244 Branting- 
ham Road, Chorlton-cum-Hardy, Man- 
chester, 21. 


North-East Scotland Sub-Centre 


Date: December 10. Time: 7.30 p.m. 

Held at: The Caledonian Hotel, Aberdeen. 

Lecture: ‘‘ The Klydonograph and Light- 
ning Measurements.”’ 

By. E. Wilkinson, Ph.D., B.Eng. 


Date: December 11. Time: 7 p.m. 

Held at: The Royal Hotel, Union Street, 
Dundee. 

Lecture : As above. 

Hon. Secretary: P. Philip, c/o. Electricity 


Supply Dept., Dudhope Crescent Road, 
Dundee. 


Institute of Physics 
Electronics Group 

Date: December 17. Time: 5.30 p.m. 

Held at: The Rooms of The Royal Society, 
Burlington House, London, W.1. 

Lecture: ‘* The Travelling-Wave Tube.’’ 

By: R. Kompfner. 

Secretary: Dr. A. Maddock, “‘ Sira,’’ 
Southill Road, Elmstead Woods, Chisle- 
hurst, Kent. 

Industrial Spectroscopic Group 

Date: December 12. Time: 3.30 p.m. 

Held at: Royal College of Science. 

Demonstration of the Furth Microphoto- 
meter. 

By: Dr. R. Furth and W. D. Oliphant. 

Papers on Microphotometry will be read. 

Note: This is a joint meeting with the 
Optical Group of the Physical Society. 

Hon. Secretary: E. van Someren, Murex 
Welding Processes, Ltd., Hertford Road, 
Waltham Cross, Herts. 

MidlandjBranch 

Date: December 18. Time: 6 p.m. 

Lecture: ‘ Physics and Steel Making.” 

By: Dr. C. Sykes, F.R.S. 

Particulars from : 

Hon, Secretary: Dr. J. H. Nelson, Messrs. 
Joseph Lucas, Ltd., Birmingham. 

Scottish Branch 

Date: December 9. Time: 7 p.m. 

Held at: Natural Philosophy Depart- 
ment, Glasgow University. 

Lecture: ‘* Television.”’ 

By: M. K. Taylor. 

Secretary: J. M. A. Lenihan, The Univer- 
sity, Glasgow, W.2. 


The Television Society 


Ordinary Meeting 
All meetings are held at the Institution 
of Electrical Engineers, Savoy Place, Lon- 
don, W.C.2. 
Date : December 30. 
‘** Twenty Questions.”’ 


Time: 5.30 p.m. 
Hon. Lecture Secretary: T. M. C. Lance, 
35 Albemarle Road, Beckenham, Kent. 
Constructors Group 
All meetings will be held at the E.L.M.A. 
Lighting Service Bureau, 2 Savoy Hill, 
London, W.C.2. 
Date: December 2. 
Lecture: ‘‘ The 
Receiver.”’ 
By: W. D. Ashbury. 
Hon, Secretary: A. E. 
Road, Bromley, Kent. 


Time : 7pm 
Bush T o1 Television 


Sarson, 22 Union 


Institution of Electronics 
North-West Branch 
Date: December 12. Time: 6.30 p.m. 
Held at: The Reynolds Hall, College of 
Technology, Manchester, 
Lecture: ‘* The Electron and other Con- 
stituents of Matter.’’ 
By: Professor R. E. Peierls, F.R.S. 
Hon, Secretary: L. F. Berry, 105 Birch 
Avenue, Chadderton, Lancs. 


British Sound Recording Association 

Date: December 19. Time: 7 p.m. 

Lecture: ‘* Factors in the Reproduction of 
Gramophone Records.” 

By: W. J. Lloyd, B.Sc. 

Hon, Secretary: R. W. Lowden, Napoleon 
Avenue, Farnborough, Hants. 


British Kinematograph Society 
London Section 
Date: December 17. Time: 7.15 p.m. 
Held at: The Gaumont-British Theatre, 
Film House, Wardour Street, London, 
W.1. 
Presidential Address by I. D. Wratten. 
Secretary: R. H. Cricks, Dean House, 
2 Dean Street, London, W.1. 


Manchester Section 
Date: December 2. Time: 10.30 a.m. 
Held at: Manchester Geographical Society, 
16 St. Mary’s Parsonage, Manchester. 
Lecture: ‘* Electronics in Industry.”’ 
By: J. Baggs. 
Ilon, Secretary: A. 
Walkden, Lancs, 


Wigley, 15 Broadway, 


Royal Photographic Society of Great 
Britain 


Date: December t1. Time: 7 p.m. 

Held at: 16 Princes Gate, S.W.7. 

Lecture: ‘‘ Photography of Small Objects 
for Reproduction.”’ 

By: G. B. McAlpine, B.Sc. 

The Secretary, 16 Princes Gate, London, 
SW: 


Manchester Federation of Scientific 
Societies 


Society of Chemical Industry 
Date: December 5. 
Lecture: ‘‘ The Generation of 
Power from Atomic Energy.” 
Held at: Lecture Hall, Albert Hall, Man- 
chester. 
By: Sir Wallace Akers, C.B.E. 
Hon. Sec.: Dr. J. C. Withers, Shirley 
Institute, Didsbury, Manchester, 20. 


Time: 6.30 p.m. 
Useful 


Plastics Institute 
Date: December 12. Time: 6.45 p.m. 
Held at: Engineers Club, Manchester. 
Lecture: ‘‘ Silicone Resins.’’ 
By: H. R. Poole. 
Hon. Secretary: J. Prior, c/o Lumb Hall 
Engineéring Co., Ltd., Holmes Mill, 
Bacup. 


Textile Institute 
Date: December 16. Time: 7 p.m. 
Held at: Textile Institute, Manchester. 
Lecture: ‘* Radio Frequency Heating and 
Infra-Red Drying.”’ 
By: L. L. Preston, B.Sc., and Mrs. A. 
M. Thomas, M.Sc. 
Hon. Secretary: Dr. J. C. Withers, Shirley 
Institute, Didsbury, Manchester, 20. 
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For modulation and L.F. amplification 


HERE'S A BETTER VALVE 


All things being equal, the real measure of a valve’s performance is the length of 
time it will operate with undiminished efficiency. In this respect the MZ1-75 
scores heavily. Like all Mullard transmitting and industrial valves, it has been 
designed with an eye to cost per life-hour. 

Modern manufacturing methods ensure its reliability and offer the additional 





‘ MZI-75 
OUTPUT OR MODULATOR 
TRIODE 
VE , of ‘ : 10.0V 
if - i ; 1.6A 
Typical operation for two valves in class AB2 
push-pull 
a ¥ ‘ “é 1250V 
la (no sig.).. ‘ 2x40mA 
ta (Max. sig.) ? te : 2xI57mA 
W out is os “es ‘“ ..  260W 
D tot oe Pe = i i 2.3% 








for further developments wach MAU Dara 








Technical data and advice on the applications 
of the MZI-75 Triode can be obtained from 


advantage that all valves of the same 
type are characteristically consistent. 
The long-life, oxide-coated filament is 
unaffected by fluctuations in the mains 
supply, and also permits operation at an 
economical anode voltage. 

A glance at the data panel with these fac- 
tors in mind will explain why the MZ1-75 
wins the approval of communications 
engineers who want a better valve for 
modulation and L.F. Amplification. 





THE MASTER VALVE 


THE MULLARD WIRELESS SERVICE CO. LTD., TRANSMITTING AND INDUSTRIAL VALVE DEPARTMENT, CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, w.c.2 
UMMC AMM M A TTUTUTUNMTUT OUT TTL UM RTRIUTTUITTTMTU TTT TMT TOT UMA 
(MVTI61D) 








VITREOUS 
POINTON 


Ke) 


LTD KINGSTHORPE 





RESISTORS FOR EVERY  PURPOSE- BY 


NORTHOQMPTON 
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Partridge Hews 


INDIVIDUAL DESIGN 


PARTRIDGE Precision Built TRANS- 
FORMERS wound to suit individual 
requirements now incorporate:— 
Silver-plated turret terminals giving 
alow potential drop and carrying up 
to [Samps. Adequate room on each 
for easy soldering of several external 
circuit wires. 


Firm clamping of the laminations by 
means of scientifically designed pres- 
sure die-castings. 


Interlocked fixing feet providing 
alternative mounting. 


AVAILABLE STOCK 


A comprehensive range of mains and 
audio components is now available 
from stock, and we can despatch 
small quantities of these per return. 
We would stress that before order- 
ing you send for our list detailing 
these components. Our stock range 
now covers almost all normal re- 
quirements, and by availing yourself 
of this service you will save the 
inevitable delay in the production 
of aspecial component. We shall be 
pleased to send you our stock list 
upon receipt of your address. 





Telephone: Abbey 2244 


PARTRIDGE 


TRANSFORMERS LTD 


76-8, PETTY FRANCE, LONDON, S.W.I. 




















Liquid 
Silver 


Platinum & Gold 
Solutions 
For Metallising 
Mica Ceramic 
Quartz etc. 


Low Melting 
Point Solder and 


IPswicH RoAD Non - Corrosive 


TRADING EsTATE Liquid Flux,, (toe 
SLOUGH, BUCKS. "Phone: Slough 20992 
Agents for Australia : 


A. S. HARRISON & CO. PTY. LTD. 
85 CLARENCE STREET, SYDNEY 
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ABSTRACTS 


ELECTRONIC 


ELECTRON OPTICS 


A New Electron Microscope with 
Continuously Variable Magnification 


(J. B. lePoole) 


The principle of the electron microscope 
is explained with particular reference to 
the focusing of electron beams by magnetic 
lenses. This is followed by a description 
of an instrument now in use at the Insti- 





tute of Electron Microscopy at Delft. 
Advantages are discussed of the new con- 
struction which incorporates a third lens 
between the objective and the  pro- 
jector and a fourth lens for 
making diffraction photographs. The 
resolving power amounts to about 25 A 
and the magnification is continuously 


variable from 1,000 to 80,000 times. With 
this instrument it is possible to produce 
an electron diffraction pattern of part of a 
specimen which has first been studied 
electron-optically. This offers the advan- 
tage of an easier identification of the 
materials which are being investigated. 
—Philips Tech. Rev., No. 2, 1947, p.33.* 


Present Status and Future Possibilities 
of the Electron Microscope 


(James Hillier) 


It is shown that at present the electron 
microscope is accepted as a scientific tool, 
capable of providing visual images of solid 
material at magnifications as high as 
100,000 (i.e. with a resolving power of 
20A°). It is further shown that in the 
laboratory the resolving power of the 
electron microscope has been increased by 
a factor of 2. The remainder of the paper 
discusses the problems involved in further 
increasing the resolving power of the 
electron microscope. 


—R.C.A. Review, 


March, 1947. p. 29. 


THERMIONIC DEVICES 








Tube Failures in ENIAC 
(F. R. Michael) 


Analysis of causes of tube failures in 
18,800 tube electronic computing machine 
during one year of operation shows that 
open heaters and damaged, cathode coat- 
ings are chief troubles. An average of 
two tubes failed each time the a.c. supply 
to the heaters was shut down. 

—Electronics, October, 1947, p.116. 


Pulsed Rectifiers for Television 
Receivers 


(I. G. Maloff) 


Brief analysis of pulsed cascade recti- 
fiers used in television receivers indicates 
that no component is subjected to poten- 
tials substantially higher than those en- 
countered per section. In a _ doubler, 
this voltage is about half the output 
voltage from the rectifier. 


—Electronics, August, 1947, p.110. 


December, 1947 


OF 
LITERATURE 


The Measurement of Dynamic Mutual 
Conductance of Valves using the 
Grounded-grid Triode Mode of 
Operation 


(F. Gutmann) 


A new method for mutual conductance 
measurements is described. The valve 
under test is connected as a cathode-loaded 
grounded-grid triode and a known alter- 
nating voltage in series with a current 
indicator is applied across the load. Since 
the current through the meter is shown 
to be nearly proportional to the dynamic 
mutual conductance the instrument can be 


directly calibrated in terms of | this 
quantity. 

—Jour. Sci. Inst., April, 1947. p. 94. 
INDUSTRY 


Design of a High Fidelity Disk 
Recording Equipment 


(H. Davies) 


Section 1 of this paper outlines the 
present technique of disk recording and 
indicates briefly its’ principal advantages 
and disadvantages as compared with other 
systems of sound recording. 

Present practice and the existing degree 
of standardisation are discussed as regards 
cutting speed, turntable speed, groove- 
shape, groove spacing and disk dimensions, 
The magnitudes of the stylus amplitudes, 
velocities and accelerations normally in- 
volved are shown, and the considerations 
which govern the use of radius compensa- 
tion. 

Section 2 deals in a little more detail 
with some of the technical problems which 
were encountered in developing a_high- 
fidelity disk recording equipment. The 
turntable drive and the various considera- 
tions which arise in mounting the cutter 
head is described and methods of making 
cue marks and of removing swarf while 
recording are outlined. A practical method 
of obtaining the required compensation is 
also described. 

Section 3 describes a high-fidelity disk 
recording equipment and indicates the per- 
formance that may be obtained from it. 

—Jour. I. E. E., Part 3, July, 1947, 

P-275- 


U.H.F. Heating of Frozen Foods 
(P. W. Morse and H. E. Revercomb) 


Problems encountered in developing 1,050 
Mc. continuous wave magnetron oscillator 
equipment for thawing and heating pre- 
cooked frozen food. Operating at a 
frequency comparable to the newly allocated 
915 Mc. band for electronic heating, the 
unit heats food in under 70 seconds. 

—Electronics, October, 1947, p.85. 





* Abstracts supplied by the courtesy of Metropolitan- 
Vickers Electrical Co. Ltd. Trafford Park, Manchester 
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Shake as much as you like and 
as long as you like. You won’t 
shake a Spire fixing loose — it’s 
double-locked. When the screw or bolt is 
screwed into the Spire Fix the two prongs 
close and grip the thread. Then the arched 
base is compressed making a self-energised 
spring lock which still further tightens the 
grip on the thread. A Spire Fix holds just as 
tightly on an unthreaded stud. Spire fixings 
are light and simple but they are strong 
medicine. Can we make up a “ prescription” 
for any of your light assembly problems ? 





Regd. 


% A BETTER way of fixing 





THAT’S fixed THAT! 


A Boiler maker uses this Spire fixing. 3/16” studs are 
electrically welded to the exterior of boiler plates ; 
asbestos sheets are pierced and placed over the pins ; 
next a mild steel washer, and then the Spire Fix 
No. SV1628 is pushed quickly 
down the stud to make a snug 
assembly which will hold for 
ever and a day but is sufficiently 
elastic to ensure that the asbestos 
sheets do not crack. All assembly 
is carried out from the exterior 
—a material saving in time 
and cost. 








SIMMONDS AEROCESSORIES LIMITED * TREFOREST * GLAMORGAN 





C.R.C.10 
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POWER 
POTENTIOMETERS 





TYPE P.I.W. 
Continuous Wiré-Wound 


Rating : 20 watts max. (linear) 
15 watts max. (graded) 
Ranges : 10 ohms to 500,009 ohms 
(linear) 
100 ohms to 250,000 ohms 
(graded) 
100 ohms to 50,000 ohms 
(non-inductive). 
Characteristics : 
Linear, tapered, graded, log., semi-log., 
inverse log., non-inductive, etc. 
Write for full details to : 


RELIANCE 


Manufacturing Co. (Southwark) Ltd. 
Sutherland Road, Higham Hill, 
Walthamstow, E. 17 


Telephone: —_Larkswood 3245 














vm Fae WENT... 
Yo 
THE TRIX ELECTRICAL CO.LTD 


1.5 MAPLE PLACE- TOTTENHAM COURT ROAD-LONDON Wit 
MOM MUSEUM SBI? CRAMS (CABLES TRIXADIO,WESOO, LONDON 





Electronic Engineering 


Head Office: Eastwood, Hanley 
Staffs., London: 125, High Holborn, 
W.C.1. Factories at Hanley, Stone 
and Longton. Staffs. Phone : Holborn 
1951-2 and Stoke-on-Trent 5272-4, 
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THE 


Televisor 





SPECIAL NOTICE 


It is possible that you may have run 
into trouble during the construction 
of this receiver and cannot get the 
first-class results which it is capable 
of producing. 

To provide the help you need our 
Consultant Staff is at your service 
with a complete range of test 
equipment. 

If you will let us have your receiver 
we shall be pleased to give you 
a quotation of the cost of any 
necessary adjustments. 

Remember, too, if you haven’t yet 
built this Televisor, we carry a 
complete range of components. 


LONDON TELEVISION 
Co. Ltd. 


The Television Specialists, 
694, Lea Bridge Road, LEYTON, E.10 
Phone : LEY 4380 














CRYSTAL PICK-UP 





od 


WITH — Uubreakabler a str, 


The ACOS G.P.10 combines purity of re- 
production with extreme reliability. A 
unique flexible assembly renders the crystal 
virtually unbreakable, while a needle- 
pressure adjustment is incorporated in the 





base. R e-free resp from 50- 
8,000 cps. Output I'S v. at 1,000 cps. Needle 
pressure It 

ozs. (adjust- ae 

able). Vibra- 4 
tion-free arm 


movement. — 

Screened lend. eeite ommatng A protects 

ice 1A eran crysta' against breakage. 
é (Brit. Pat. 579,524. Pats. 

Britain48/-(in- eng, abroad). licensed by 

cluding P.T). Brush Crystal Co. Ltd. 


Obtainable only from Radio Dealers 


COSMOCORD LTO 
ENFIELD: MIDDLESEX 
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Radio 
Frequency 
Bridge 


15 Ke/s. to 5 Me/s. 


This instrument measures a wide range 
of capacity, resistance, and inductance, 
as well as impedances, such as lines, which 
# may be floating, unbalanced or balanced 
with the centre point earthed. It is capable 
of selecting the capacity between any pair of electrodes in a 
three-electrode condenser. Capacity and resistance are examined as a 


| 





R.F. BRIDGE B 601. 


Capacity : 0.01 pt. to. 2000 of. in Ove. ranges. parallel combination and, as the C and R multipliers are selected by 
Resistance: 10 ohms to 10 megohms — 6 ranges. 3 2 

Inductance values which will resonate the above separate switches, the loss factor for coils and condensers can be de- 
capncitios becwoun 15 Ke/e ands Mele. Direct read: termined over a wide range. The circuit is a development by Wayne 
ing accuracy is constant to within | per cent. up ae ‘ 

to 3 Mc/s. and may fall to 2% at 5 Me/s. Kerr of an original design by the B.B.C. Research Department. 


Wayne Kerr 





WAYNE KERR LABORATORIES, LIMITED, NEW MALDEN, SURREY * TELEPHONE MALDEN 2202 
GRAM 
+1048 
LBASS Lipy a neste er 











40 70 100 200 300 400 500 750 1000 2000 
cps 







+1048 





“10d 







T.R.F. Circuit. 8 Valves, 
For 19” Rack or Steel Cabinet. 
Push-Pull Triode Output. 
Bass and/or Treble Lift. 

¥& Send for detailed information Bass and/or Treble Cut. 


R. M. ELECTRIC LTD., TEAM VALLEY, GATESHEAD 11, ENGLAND 
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SELENIUM PHOTO 
ELECTRIC CELLS 


FOR LIGHTMETERS, EXPOSURE METERS, COLOUR 


METERS, DENSITOMETERS, REFLECTOMETERS, 
LABORATORY AND SCIENTIFIC INSTRUMENTS OF 
ALL KINDS. 

INVITATION 


You are cordially invited to bring us any problem 
in connection with Selenium Photo Electric Cells 
and their application. 


MEGATRON LTD. (Laboratories) 
115a, Fonthill Road, LONDON, N.4. ARChway 3739. 


Power & Audio Frequency Transformers 


POWER 
TRANSFORMERS 
5VA to S5KVA 
Audio Transformers 
up to 1500 watts 
EITHER 

@ Open construction in a 
variety of mountings, 
windings vacuum pres- 
sure impregnated and 
varnished sealed. 

@ Canned and bitumen or 
wax filled. 

@ Hermetically sealed, oil 
filled, with pressure 
compensation. 

Application : Microphone, driver, 
anode to line, line to line, etc. 



























SPECIAL FEATURES 


@ Direct fixing to Trans- 
former structure — no 
strain on container to 
cause distortion or leaks. 

@ No unsightly fixing lugs 
external to container. 

@ Male or female threads 
for upright or inverted 
mounting at will. 


AUDIO TRANSFORMERS—SINGLE, DUAL OR TRI-ALLOY SHIELDED, 
GIVING NOISE SUPPRESSION UP TO 90 DB RELATIVE TO 
CONVENTIONAL OPEN ASSEMBLIES. 


Associated Electronic Engineers, Ltd. 


Dalston Gardens, Stanmore, Middlesex. 
Tel.: WORDSWORTH 4474/5/6 ce 
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CONSISTENTLY 


A new Series 65, with 64” scale length is now available in 
Moving Coil, Rectifier, Thermo-couple, Moving Iron and single 
element Dynamometer Types. The well known Series 35 with 
34” scale length can now be supplied in the Moving Iron Type 
for AC/DC circuits. 

Modern engineering practice demands switchpanels of 
distinction ; rectangular switchpanels need rectangular instru- 


mm PULLIN 


Rectangular 
SWITCHBOARD 


. INSTRUMENTS | 
34” & 63” scales 
FLUSH. MOUNTING 














We can give early deliveries — 
write for details 


MEASURING INSTRUMENTS (PULLIN) LTD 
Dept. E, Electrin Works, Winchester Street, Acton, W.3. Acorn 4651/4. 



































THE SCOPHONY 


HUGH LIGHT INTENSITY 


STROGOSCOPE 


An instrument for measuring SPEEDS and 
OBSERVING rotating or reciprocating 
objects whilst in motion. 

The BRIGHT WHITISH LIGHT makes 
observation easy even at a distance. 


An invaluable instrument for the printing, 
textile and engineering industries, etc. 


Don't Let Inspection Hamper Production 
* INSPECT AT SPEED* 


SCOPHONY LTD. 


36, VICTORIA STREET, LONDON, S.W.1 


Telephone: ABBey 4852 
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a new departure in 


OSCILLOSCOPE DESIGN 


Unit construction. Supplied for every need from D.C. to 
R.F. Rigid assembly without tools. Mechanical couplers. 
Multiple plugs and sockets. 

Type 15. C.R.T. Unit, 6 in, tube, self contained shift supplies. 

Type 84. Time Base. 5-200,000 cps. sweep suspension, automatic 
synchronizing, P.P. deflection, single or triggered sweep. 

Type 84Y, Amplifier, gain 25 (cathode follower input) or 600 ; response 
+ | db 10-100,000 cps., useful at 0.5 Mc. P.P. deflection. Full details on 
request. 


T e 
(AL OO ASH LABORATORIES 
Lydiate Ash - Nr. Bromsgrove * Worcestershire 
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HEARING AIDS 
METEOROLOGICAL VA ~~ VALE 


INSTRUMENTS BRITISH 
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HIVAC LIMITE 

















MADE 


Greenhill Crescent, Ahane HARROW 
Harrow on the Hill.Middx. 0895 
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Owing to high R.F. Rating and small dimensions, 
U.I.C. Ceramic Pot Capacitors are eminently 
suitable for working at high loads and high voltages 


Full technical data furnished on request 


UNITED INSULATOR CO. LTD., 


OAKCROFT ROAD, 


SURBITON, 
Telephone: Elmbridge 5241 (6 lines) 


TOLWORTH, 
SURREY. 


Telegrams: Calanel,. Surbiton, 


us ywiar-7-pr A072 ra 


In 


CAAMACI 
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TRANSFORMERS 


W.A.B. Hermetically Sealed Transformers were developed 
during the war to meet the requirements of the Services for a 
unit which would operate continuously under conditions of 
high relative humidity and high ambient temperature. an Street, 


A patented method of internal construction ensures that oe ci 
the weight of the Transformer is taken directly on the fixing ‘ at 5/6 € 


bushes and not on the case, thus preventing a risk of damage : 5 Oakfie 


to the sealing of the case when the unit is subjected to : cre 
mechanical shock. : your en 


. . Road, 
All Transformers in this range are so constructed that they 


. . a 8.H.E.I 
can be used for either chassis or baseboard mounting. availabl 


for the fi 


W. ANDREW BRYCE & CO. LTD. sik-upe 


exceptio 

SHENLEY ROAD, BOREHAM WOOD, HERTS resonant 
r : price in 

Telephone: ELStree 1870, 1875 and 1117 - tax. W 

aie tion se 

Victoria 

D.C./A 

single p 


BRAY CERAMIC INSULATORS fe cad 


for LF. and HF Components also capacitor dielectrics 


6 & 


mode by 


GEO. BRAY : CO. LID. LEEDS, 2 


Established 1863 Phone Leeds 2098) meters, 
and ca 
controle 
very hig 
100 ke/: 
circuits 
Type 1 
with 2°s 
25 tor 
: a8 G57, 10 

~ Write for characteristics ; , Box 15 

— pe oscr 
Soe : i Indicate 
BASICALLY BETTER | & @ ) ae = 
: tag stri 
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eo LOWN BLE La) Special "Moulded parte in | | 24. G 

- . . Natural & Synthetic Compounds Amate 
ie : to the HARBORO’ RUBBER Burnley 
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count as four words, 


lus I/- extra for replies. 
Morgan Brothers (Publishers) Limited, 28 
above, marked “ Elec. Engg.”” Press date : 
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CLASSIFIED ANNOUNCEMENTS 


The charge for miscellaneous advertisements on this page is 12 words or less, 5/- and 4d. for every additional word. 
accompany advertisement. Cheques and P.O.’s payable to 
ssex Street, Strand, London, W.C.2. Replies to box numbers should be addressed as 
10th of month for following issue. 


Box numbers 





FOR SALE 


IN STOCK. Rectifiers, Accumulator Chargers, 
Ro! Converters, P.A. Amplifiers, Mikes, Mains 
Solemrs, Speakers of most types, Test Meters, etc. 
Special Transformers quoted for.—University Radio, 
Ltd., 22, Lisle Street, London, W.C.2. GER. 4447. 


EX-R.A.F. LORAN Indicators with 5 in. electro- 
static c.r.t. with time base. 26 valves, including 
6SN7, 6H6, 6SJ7 and calibrated 100 Ke. crystal, 
suitable for conversion to oscillograph, {10. Box 
146, “ Elec. Engg.” 


BRITISH-AMERICAN Radio, Electronic Compon- 
ents, list 1d. Jack Porter Ltd., College Street, 
Worcester. 


2?’ MOVING COIL METERS, 0-20, 0-40 volts, 
7s. 9d., 0-300 volts, external resistance, 1os. All 
boxed new, post paid. Jack Porter Ltd., College 
Street, Worcester. (Quotation for quantities.) 


2” THERMOCOUPLE MOVING COIL MILLI- 
AMMETERS. 0-350 m/a, New ex-Gov. A bargain 
at 5/6 each. £3 & dozer, post free. S. McMillan, 
5 Oakfield Road, Bristol, 8. 


ENAMELLED COPPER WIRE, small gauges. For 
full details of delivery, ex-Canadian works, address 
your enquiries to Allan Edwards Ltd., 73 Highgate 
Road, London, N.W.5. Telephone: Gulliver 5466. 


§.H.E.F.I. MOVING COIL PICK-UP is now 
available for both home trade and export. It combines 
for the first time high fidelity with high output voltage, 
enabling it directly to replace normal moving iron 
pick-ups without any extra amplification. It has an 
exceptionally clean response with no undesirable 
resonances, thereby reducing needle scratch. Retail 
price including transformer 40/- plus 8/11 purchase 
tax. Wholesale and retail enquiries invited. Illustra- 
tion sent on request. Brooks and Bohm Ltd., go, 
Victoria Street, S.W.1. 


D.C./A.Cc. CONVERSION. Special offer of unused 
single phase marine type motor alternators. Input 
220 V D.C., oe gt 230 V A.c., 50 cycles, 3.5 amps., 
f20each, 220 a pe V a.c., 50 cycles, 0.87 amps., 
{9 10s. each. 110 V p.c./230 V A.c., 50 cycles, 0.87 
amps., £8 each. Note corrected prices. 
extra. Box 144, “Elec. Engg.” 


Carriage 


RELAYS. New boxed Post Office type relays, some 
fitted with high current contacts, offered at a fraction 
of cost price. Type K, coil, 1,000 ohms, contacts 
1 break, 1s. 9d. each. Type L, 1,000 ohms, 3 make, 
1 b., 3s. 6d. each. Type M (miniature), 300 ohms, 
1b., 1s. 3d. each. Type N, 1,000 ohms, I m., 2 m. 
} in. dia., 5s. each. Type O, 5,000 chms, 2 m., 2 b., 
all 2.5 mm. dia., 7s. 6d. each. Type P, 1,000 ohms, 
Im.,1b. 1m. } in. dia. 4s.each. Type R, 1,000 0hms., 
3m. 1 b. (all heavy duty twin type), 4s. each. Type S, 
765 ohms, 4 m., 1 b., 4s. each. Type U, all sold. Type 
W, 1,000 ohms, 2 high sensitivity 9 = each 
adjustable by thumb screw, 4s. each. so Type X, 
special 75 ohms twin coil high-speed relay, up to 
100 ¢. p.s., 58. each. Send s.a.e. for leaflet. Minimum 
order £1. No C.O.D. Discount for quantities. Box 
145, “ Elec. Engg.” 


WAVEMETERS. Special offer of ex-Govt. wave- 
meters, suitable for general use, all in working order 
and calibrated. Type G61 contains temperature 
controlled 1 Mc/s crystal, and covers 1 to 25 Mc/s with 
very high precision, £20 each. Type 101/67 contains 
too ke/s and 1 Mc/s crystals, with switched tuned 
circuits directly calibrated 30 to 86 Mc/s £4 1os. each. 
Type 10T/69 contains 100 kc/s and 1 Mc/s crystals, 
with 2 sets switched tun ircuits directly calibrated 
25 to 130 Mc/s, mains operated, £8 ros. each. Type 
G57, 100 kc/s to 24 Mc/s, £5 each. S.A.E. for details. 
Box 157, ‘Elec. Engg.” 


OSCILLOSCOPE UNITS. Ex-W.D. C.R. Tube 
Indicator Units, less 2} in. tube in steel case. Hinged 
lass window, removable cover and bottom plate. 
mtains felt-lined tube holder and socket, 10-way 
tag strip, condensers and resistances, two. potentio- 
meters, two heavy duty keyed 4-way sockets. One 
hole only through chassis, Room for power supply 
time base and amplifier. Offered at ros. each to 
clear (postage 1s. 2d.). Few only keyed 4-way plugs 
available at 2s. 6d. each. S.A.E. for bargain. lists. 
Amateur Radio Service, G6HP, Canning Street, 


urnley. 











HIGH VOLTAGE RECTIFIERS V1907 up to 5000 
volts at 5 m/a, only 7/- each. Offers for quantities. 
EFs50’s 5/-, EAs5o’s 2/6. 3%” oscilloscope complete 
with 4-valve time base, amplifier ; power pack £16 10s. 
Many other bargains. S.A.E. list. Cross, 19 Riversdale 
Road, West Kirby, Cheshire. 


LOUDSPEAKERS 


LOUDSPEAKERS—We carry on. Sinclair Speakers, 
12, Pembroke Street, N.1. 


LOUDSPEAKER repairs, British, American, any 
make, moderate prices.—Sinclair Speakers, 12, 
Pembroke Street, N.1. 


MISCELLANEOUS 


WE WILL BUY at your price used radios, amplifiers, 
converters, test meters, motors, i. < — 
etc., radio and electrical accessories. Write, phone or 
call, University Radio Ltd., 22, Lisle Street, London, 
W.C.2. GER. 4447. 


PHOTOGRAPHY BY BEHR will show your 
roduct at its best. Ask for illustrated list. 44, Temple 
ortune Lane, London, N.W.11. SPEedwell 4298. 


MONOMAREKS. Permanent London Address, Letters 
redirected. Confidential. 5/- p.a. Royal Patronage. 
Write Monomark BCM/MONO4S, W.C.1. 


WEBB’S Radio Map of the Worll enables you to 
locate any station heard. Size 40 in. by 30 in. 2-colour 
heavy Art Paper, 4/6, t 6d. Limited supply on 
Linen, 10/6, post 6d.—Webb's Radio, 14, Soho Street, 
London, W.1. Phone GERrard 2089. 


MORSE Practice Equipment for Class-room or 
Individual Tuition. Keys Audio Oscillators for both 
battery or main operation. Webb’s Radio, 14, Soho 
Street, London, W.1. "Phone: GERrard 2089. 


AID YOUR EXPORT DRIVE. Exceptional pho- 
tography will make your products sell. Consult 
P and C (Photos), 35 Sandringham Road, Dalston, E.8. 


ARE YOU INTERESTED in reproducing sound as 
nearly as possible to the original and doing this at a 
reasonable cost ? If so, we invite you to either come 
to our demonstrations or write for full particulars. 
Demonstrations daily 9.30—10.30 a.m., 6—6.30 p.m. 
excepting Saturdays. Rogers Developments Co., 
12, Macclesfield Street, Shaftesbury Avenue, W.1, 


SUPPLIERS of high grade radio components includ- 
ing television and high fidelity radio equipment. All 
types of radio and electronic apparatus built to your 
specification. Large stocks of close tolerance resistors, 
Rogers Developments Co., 12, Macclesfield Street, W.1 


LANGLEY LONDON LTD. offer substantial and 
regular supplies of laminated plastic S.R.V.P. tubes 
in round and rectangular sections. Some additional 
capacity available for processed tubes but principally 
for plain tubes in lengths up to 40”. Enquiries are 
invited. Langley London Ltd., 161 Borough High 
Street, London, S.E.1. 


ALL CABLE BUYERS are invited to refer to the 
Magna Wire and Cable Co., advertisement on page ii. 


PLASTIC PRECISION MOULDING—Lustroid 
Ltd., Coatbridge, can offer to manufacturers :— 
almost all materials, injection and compression mould- 
ing, free technical advice and design, prompt quotation, 
minimum production delay. Apply to Sole Repre- 
sentatives in England and Wales :—Foreman and 
Ellams Ltd., 91/3 Charterhouse Street, London, E.C.1. 
Telephone : CLErkenwell 3735 and 5, Rumford Place, 
L‘verpool 3, Telephone: CENtral 1701 (3 lines). 


SITUATIONS VACANT 


Vacancies advertised are restricted to persons or employ- 
ments excepted from the provisions of the Control of 
Engagement Order, 1947. 


FERRANTI LIMITED require for Vacuum Physics 
Laboratory one or E eers, graduates or with 


equivalent qualifications, preferably with experience of 
electronic vacuum work or U.H.F. valves. op 
forms from Personnel Manager, Ferranti ted, 


Ferry Road Edinburgh, 5. 





MURPHY RADIO, LTD., have a vacancy for a 
senior engineer having considerable experience in the 
development and design of communication receivers 
and allied equipment. Apply in the first place in 
writing, giving full particulars and stating salary 
required. to Personnel Department, Murphy Radio, 
Ltd., Welwyn Garden City, Herts. 


SENIOR DEVELOPMENT ENGINEER required 
in television design laboratory. Good honours degree 
in physics or engineering and at least four years’ 
industrial experience of television receiver development 
essential. Applications, giving full particulars of 
training and experience to Personnel Manager (Labora- 
tory), Murphy Radio Ltd., Welwyn Garden City, 
Herts. 


ELECTRONIC ENGINEERING. An important 
position in this industry is available to a man of 
outstanding qualifications, experience and adminis- 
trative ability, with leading manufacturer of radio 
transmitting and receiving and electronic equipments, 
as Manager of large self-contained production unit 
employing over 1,000 persons, with fully equipped 
laboratory and development section. Salary {£1,200 or 
over according to qualifications. Write quoting 
D.326/47—A to Ministry of Labour and National 
Service, Technical and Scientific Register, Room 669, 
York House, Kingsway, London, W.C.2, for application 
form which must be returned completed by 29 Decem- 
ber, 1947. 


LONDON APPOINTMENT offered to Assistant 
Physicist with a leaning to radio and electrical circuits. 
Applicants should have appropriate electrical quali- 
fications and not less than two years experience, and 
will be required to develop the electrical aspects of 
plastics evaluation in a large chemical manufacturing 
company. he work offers prospects for promotion. 
Commencing salary range £375-£500. Box 140, 
“E lec. Engg.” 


LEADING RADIO MANUFACTURER has vacancy 
for chief design draughtsman, used to control of staff 
and operation of up-to-date drawing office system. 
Extensive experience of light electro-mechanical 
design desirable. Substantial and progressive pos- 
ition for man with the right qualifications. Appli- 
cations with full details of experience and salary 
required to Box 156, “Elec. Engg.” 


JUNIOR DEVELOPMENT PHYSICIST required 
in Plant Laboratory for the development of electronic 
equipment. Knowledge of pH, R.F. heating or elec- 
tronic counting an advantage. Candidates should 
possess a degree in physics and be between the ages 
of 23 and 30. The salary envisaged is from £375 to 
£475 depending on age and experience. Applications 
in writing to Boots Pure Drug Co., Ltd., Personnel 
Department, Station Street, Nottingham. 


ENGINEERS wanted to test television receivers in 
accessible West London area. Please write stating 
age, experience and salary required to Box 154, 
“Elec. Engg.” 


THE PLESSEY COMPANY LIMITED, Vicarage 
Lane, Ilford, has vacancies for radio and television 
designing engineers with recognised technical quali- 
fications and at least three years laboratory experience. 
Apply stating full particulars including age and salary 
required to the Personnel Manager. 


ELECTRONIC CIRCUIT and electro-mechanical 
engineers required for research and development work; 
good academic qualifications essential, apprenticeship - 
or industrial or research experience desirable. Know- 
ledge of any of the following subjects would be of 
assistance: Radar and television pulse techniques ; 
centimetric components ; time-base generators; .c. 
and p.c. amplifiers; feedback amplifiers; servors 
especially low power electro-mechanical ; stabilised 
power supply units; data transmission systems ; 
gyroscopic applications; table form layouts. Some 
mathematical ability is desirable. Write with full 
details of qualifications, experience, age and salary 
required to The Personnel Manager, Sperry Gyroscope 
Co., Ltd., Great West Road, Brentford, Middlesex. 
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CLASSIFIED ANNOUNCEMENTS (Cont’d.) 


RADAR COMPANY in the Manchester area requires 
engineer to supervise preparation of technical hand- 
books on radar and similar apparatus. Technical 
grade required is at least equivalent of C. and G. 
final; ability to write technical descriptions and 
initiative to develop and use new ideas are essential 
Some knowledge of drafting and printing is desirable. 
Reply giving full particulars of experience, age and 
salary required to Box 152, “Elec. Engg.” 

JUNIOR ENGINEER required for development of 
radio components by progressive company in Surbiton 
area. Degree or equivalent in electrical engineering 
essential. Box 153, “Elec. Engg.” 

E.M.I. ENGINEERING DEVELOPMENT LTD. 
have several vacancies for junior engineers, and 
engineers mainly between the ages of 22 and 28. 
The work requires qualifications of degree standard, 
or very definite practical experience in the development 
field. The particular vacancies are for laboratory 
development and design work at Hayes on various 
electronic products, including (a) civilian radar 
equipment, (b) commercial communication receivers 
and transmitters, (c!) R.F. generators for heating 
purposes, (d) high-quality sound reproduction, (e) car 
radio receivers, (f) radio receiver components, (g) 
cathode-ray tubes, etc. Please state clearly your age, 
qualfications and experience, salary required and the 
vacancy or type of work in which you are interested, 
addressed to Personnel Department, E.M.I. Factories 
Limited, Blyth Road, Hayes, Middlesex. 





RESEARCH CHEMISTS and physicists required | 


for development projects. Applicants should have a 
sound knowledge of chemistry and/or physics of 
materials relating particularly to electrical and mag- 
netic properties. Chemist also required with thorough 
knowledge and experience of plastic films. Applicants 
for these vacancies should have technical qualifications 
to degree standard and should write stating full 
Soper! of age, experience and salary required to 
ox 158, “Elec. Engg.” 
GLASSBLOWER for high-vacuum and electronic 


glasswork. Must have experience with small metal- 
to-metal seals, graded seals and general laboratory 
glasswork. Wages according to age and ability. 


Apply in writing, giving full details of experience and 
age, to Box 159, “ Elec. Engg.” 


SITUATIONS WANTED 
ASSISTANT WORKS MANAGER or similar post 
wanted by chief engineer of development company. 


Box 141, “Elec. Engg.” 
DESIGN ENGINEER, 28, Assoc.Brit.1.R.E., seeks 
position. Experience includes test gear, receivers, 
components, electronics, crystals, etc. London. 
Box 155, “‘Elec. Engg.” 


STUDENT BRIT.I.R.E., possessing _ elementary 
qualifications and service experience in radar, is 
giving up present career to enter the electronic engin- 
eering industry. Most fitted for clerical position with 
scope for the application of increasing technical 
knowledge. Commencing salary required: {£300 to 
£325 according to location. C. Spink, 27 Gloucester 
Road, London, W.5. 

ENGINEER (CHIEF), conversant all functions big 
quantity mass-production of electro-mechanical instru- 
ments, desires similar position or works managership. 
Details from BM/MWBH, London, W.C.1. 


TUITION 
A.M.LE.E. Examinations. Electrical engineer- 
lecturer (B.Sc. Eng. Hons. A.M.I.E.E.) specialises in 
private individual tuition. Vacaiicies for April 1948 
exam. Personal or correspondence. Box 147, “‘ Elec. 
Engg.” 
SPEECH DISABILITY: Mr. . V. Hemery 
mas at Wigmore Hall Studios, Wigmore Street, 

=. 
CHELSEA POLYTECHNIC, Manresa Road, S.W.3. 
Department of Mathematics. A course of lectures on 
he Mathematical Theory of Wave Guides” will be 

given by Dr. R. L. Lamont (of, the G.E.C. Research 
Lab.) on Wednesday evenings, at 7 p.m., commencing 
January 14, 1948. Further particulars may be had 
on application. 
COMPLETE CORRESPONDENCE COURSE 
* covering Amateur and C. and G.I. Examinations, 
consisting of 12 lessons. Send for particulars. Every- 
man’s Correspondence College, 72, St. Stephen’s 
House, Westminster, S.W.1. 

WANTED 
SECONDHAND COSSOR OSCILLOSCOPE 
Model 339. Write with full details regarding age and 
condition to Box 151, ‘“‘Elec. En; 
JAN. 1947 ELECTRONIC ENGINEERING. 
P. le Couteur, Lancresse, Hayne Road, Beckenham, 
Kent. 
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WE OFFER 
S.T.C. 2}-amp. Rectifiers at 10/6. 


3-Wave Band Coil Packs with 
Condenser and Dial, at 42/6. 


Lots of other equipment at really 
low prices. 


Try us first and buy more gear 
for less money. 


UNIVERSITY RADIO LTD. 


22 LISLE STREET, LONDON, W.C.2, 
Tel. : GER 8582 














pt 


This unique handbook 
shows the coer, way to 
secure 
A.M.Brit.1.R. E., 
CITY & GUILDS, etc. 

WE GUARANTEE— 
**NO PASS—NO FEE.” 
Details are given of over 150 
Diploma Courses in all Branches 
of Civil, Mech., Elec., Motor 
Aero, Radio-Television and 
Production Engineering, 
Tracing, Building, Govt. 
Employment, lastics, 
Matriculation, etc. Safeguard 
your future ; send for your copy 

at once—FREE. 


B.I.E.T., 337A, SHAKESPEARE 
HOUSE, 17 STRATFORD PLACE, 
LONDON, W.1. 














WE HAVE A COMPLETE STOCK OF 

COMPONENTS, EQUIPMENT AND 

VALVES FOR THE AMATEUR 

ENTHUSIAST OR LABORATORY 
ENGINEER 


Transmitters, complete, for immediate 


operation on .C. mains, £8 10s. 
Modulated 25 watts from 23 gns. 

Test Basipment, Meters, Signal 
Generators, Taylors and Avo. HIRE 
PURCHASE FACILITIES. 

Communication Receivers by Inter- 


national Electronics, 16-400 metres, A.C. 
mains, built-in speaker, BFO, etc., 32 gns. 

Oscilloscopes, 16 gns. and 28 gns. 

Television Construction Kits from stock. 
78-page Manual 3s. 6d. Tubes below list 
price. EFSO valves, 6s. All condensers 
and parts available. 

A.C./D.C. Amplifiers, 15 watt, mike and 
Gram. mixing, bass and treble tone, 
18 gns. 12 watt push-pull, A.C./D.C. 
12 gns. 

Send for our list of UHF equipment, including 

RCA ‘‘ Lighthouse ’’ Tubes, Grounded Grid 

Triodes, Acorn Valves, Superhets, Crystals and 

components. 
ADAMS RADIO 
Electron House, 655 Fulham Rd. 
Tube Station: Walham Green. 
Buses II, 14, 28, 91 and 96. 
Phone: RENown 4178. 


S.W.6 
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PHOTO-ELECTRIC CELLS 


Se/Te on gold-alloy, super- 
sensitive to light, gas-filled, 
permanent, operate a relay by 
light, either direct or through 
one-valve amplifier, also repro- 
duce speech and music, etc., 
perfectly from sound track of 
films; large tube 3} in. from 
glass top to valve pin base,.| in. 
dia., 35/-; same type, 2} in. long, 
30/-; small tube, 2 in. from top 
to terminal base, } in. dia., 28/-; 
miniature cell, glass top to cap 
base, | in. overall, $ in. dia., thin 
flex leads, 25/-; all cells operate 
on 40-100 volts. Wiring diagrams 
o relay and film sound amplifier 
ree. 





PRECISION OPTICAL SYSTEM 
For sound film, producing very fine line of light from 
6 or 12 volt | amp. lamp, for scanning film sound 
track direct into photo-cell, metal tube I} in. long, 
§ in. dia., $ in. focus, 52/-. Full directions free. 


CEFA INSTRUMENTS, 38a York St., 
TWICKENHAM, Middx. POPesgrove 6597 




















HILL & CHURCHILL, 


Booksellers 
SWANAGE, DORSET 


ENGLISH & AMERICAN 
BOOKS IN STOCK ON 
RADIO AND 
TELECOMMUNICATION 
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Catalogue on Application 


























DLIVER PELL CONTROL LTD 


CAMBRIDGE ROW, WOOLWICH, S.E. 18 
Tel : WOOLWICH 1422 
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R.T.8. ELECTRONICS, on age STREET, EXETER. 
Telephones Exeter 2132. & "Grams : Television,” Exeter. 
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THE CMG38 


The CMG 8 is a typical example of the OSRAM range of emission- 
type photocells which constitute the essential means of converting 
light changes into electric current. Widely used in sound 
projectors and industrial apparatus they are non-microphonic 
and of convenient size. Outstanding features include :— 


Linear response for sound reproduction giving undistorted output. 


High sensitivity to artificial light. 
A detailed technical data sheet is available on request. 











Osram &6.C Osram 


PHOTO CELLS CATHODE RAY TUBES VA LVES 





Advt. ef The General Electric Co., Itd., Magnet House, Kingsway, London, W C.2. 
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}. Connoisseur Pickup. A lightweight miniature moving 
iron Pickup, of high fidelity characteristics. Average 
output from secondary of Transformer .7 volts. Uses 
H.M.V. silent Stylus or the equivalent ‘‘ Connoisseur ” 
needles. Also suitable for use with special thin thorn needles. 
Sold complete with input Transformer £3 18-9 


2. Rothermel “ Senior ’? Crystal Pickup. A recognised 
standard of comparison for Crystal Pickups. Frequency 
range’50-7,500 c/s. Average output 1.5 volts. For standard 
needles ia 76.3 


3. Lexington ‘‘ Senior’? Moving Coil Pickup. Advanced 
modern design, incorporating ingenious semi-automatic 
insertion and rejection of sapphire needles. Given a good 
Amplifier and Loudspeaker, reproduction is — 

6 14 6 


4. Wilkins & Wright Type “‘ N”’ Moving Coil Pickup. 
First-class design and engineering. Combines high fidelity 
with robust construction and reliability. Needle pressure 
adjustable } to r oz. Uses miniature needles such as 
““H.M.V. Silent Stylus,” ‘“‘ Connoisseur,” “W. & W. 
Ministyle,” complete with ‘‘ Equalizing Transformer ” 


Ly Oo 7 


5. Lexington Input Transformer. In mu-metal box for 
efficient screening. Made especially for Lexington ‘“‘ Senior ”” 
and “Junior” Pickups, and also recommended for use 
with home-made or experimental Moving Coil “— 

“ee 7 ee 


6. Wearite Type 207 Midget Transformer, Ratio 60:1. 
A very useful step-up Transformer, for moving coil Pickup 
work. Its small size facilities short wiring in Amplifier 

15s. od. 


7. Wilkins & Wright ‘‘ Equalizing ’”’ Input Transformer, 
for use with Wilkins & Wright type ““N’” Moving Coil 
Pickup. Incorporates compensating network (sold complete 
with Wilkins & Wright type “N” Pickup) 

Wilkins & Wright ‘‘ Scratch Filter.” A useful low-pass 
Filter, the top limit being adjustable between 3.5 to 8:5 
kc/s (similar in appearance to Equalizer) ZI 16 8 


8. Lexington “ Junior’? Moving Coil Pickup. Of sim- 
ilar and general design to the “ Senior ” model, but without 
auto-insertion mechanism. Made especially to take min- 
iature needles, ““H.M.V. Silent Stylus,” etc. .. £4 4 8 


9. B.T-H. Magnetic Pickup. An excellent general pur- 
pose moving-iron Pickup, with built-in Volume Control, 
output approximately .7 volts. Takes all standard size 
needles ta. 33-37 
10. Sound Sale Non-Magnetic Turntables. Cast in 
aluminium alloy with stroboscopic markings for 78 R.P.M. 
Size 12in. diameter, weight 3 lb. 6 oz. Replaces the normal 
steel turn-table on your motor, and eliminates magnetic 
pull from modern type Pickups I5 oO 


Rubber Mats, 12in. diam., for use with non-magnetic, or 
original turn-tables 7s. 6d. 


The prices given in this advertisement were prepared before the Budget and are subject to any subsequent 


SOHO STREET, 


increase in Purchase Tax. 


OXFORD STREET, LONDON, W.I 





: 14, 
WE B B 8 Radio Telephone : GERrard 2089. 
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